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REPORT OF THE DIRECTOR OF THE HOSPITAL

October, 1924

.Gent lemen:

No important changes among the senior members of the staff
of the Hospital have occurred during tho past year. Scveral of the
junior members of the staff, however, huve accepted positions else-
where. Dr. Hugh Morgen, who for the past two years has scrved most
efficiently as Resident Physician, has acceptcd an appointment as
Associate Profesgor of M.dicine at Vanderbilt University. Dr. William
S. Tillett has been appointed to succoed him and has already takcn up
his duties as Roesident Physicien. Dr. James Neill, Assistant in
Bacteriology, has received an appointment as Associate Professor of
Bacteriology at Vanderbilt University. He is being succeeded by
Dr. Louis A, Julianelle.

Four of the assistant physiciang, Dr. Brow, Dr. Linder,

Dr. Salvesen and Dr, Miller have left to accept positions in ather
clinics. Dr. Brow returns to Canada, Dr. Linder to London and Dr.
Salvesen to Christiania, thus extending and strengthening the ties
between this Hospitel and the clinics in all parts of the world,

The following is a review of the scientific studies carried

on in the several departments of the Hospital during the past yeare
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Studies Concerning Chicken-Pox and Erysipelas.

Dr. Rivers and Dr. Tillett.
A report of the work since dctober, 1923, will be made under
the following headings:

A. Clinical study of cases of chicken-pox in tbhe hospital.

B. Further study of a virus discovered in attempting to trans-
mit chicken-pox to rabbits,.

C. Experimontal infection of the ekin with heomolytic strepto-
coccl with particular reference to & method of demonstrating
protective substances in immune sera.

D. Studies concerning local passive immunity.

l. Prophylaxis o;gainnt experimertal infection with a
fi{lterable virus.

2. Prophylaxis against experimental infectiom with a

hemolytic streptococcuvs.

3. Treatment of experimental orysipelas.

A, C f Cazes g‘f Chiokan-pox in the Hospital.
.. During the year forty-nins cases of chisken-pox were admitted

%o the isolation ward fer treatment. R T SIC R ST
- In prmo'us reperis we have spelcen of the effects ef chemiocal
7 'm meshanical 1mm1on vpon the.losalizatien of the:virus-of ohicien:
pcx as "idoacod by an: inoroan in the umber of lesions: at the site of

irritation. - New instances of the effect ef irritatien on the locallza-

tion of the virus were sbserved during the year. = Furthermere, an oppor-
tunity was afferdsd ef ebserving the effoct ® coexiatent cengenital syphi-
1itioc infectien had upen the distribution of the eruptien of chicksr~pox.

Ths "aruption of varicells is usually moest marked ever tho‘tru.nk. The



face and oxtremitics are as a rule much leas implicated. The reverse

is trus of the distridbution of the eruption of congenital syphilis.
Baby Alipo, 7 months of age, fvith many evidences of ocongenital syphilis
including a pesitive blood Wassermann, was admitted to the ward for
treatment of chicken-pox. Th;-emption on the infant was typical of
varicella except for its Aistridution. Only three leslons were seen on
the trunk. On the face and extensor surfaces of the extremities, how-
ever, the lesions were very numerocus. Without going into the details
of the differential diesgnosis, we are confident that the eruption was
v.#rioella and not the eruption of congenital syphills. On the other
hand, the unusual occurrencs of the varicella lesions over parts of the
body usually implicated by congenital syphilis svems te indicate that
the ceexistent oor\g‘enita-l iyphilitio infection had caused sufficient
{rritation in the skin to influsnce the localization of the varicella

virus.

B. Further Studv of & Vi*us Discovered in Attempting to Transmit

YMV fos

In a.ttompting 0 tranmt varicella to rabbits a new a,ctire

‘ trﬂnmuibh &gont was d.iscovorad. For oouvenienoa ‘bhil a.gent will b',
lpokan of as Vims III. Befom :nperting the stu.diu ma.do upon tho L '

&

virus eime Octo‘bar. 1°23, it scems -.dvisablo to recapitulate the Imow-’
ledge obta.ined in regard to it prier te that date. 'I'he lesions produced
by Virus III were ﬁrst recognized. in the fouth testicula.r transfer
following a primary inoculation of dlood from a varicella patient.
Twelve attempis wers mé.de to transmit varicella to rabbits in this man-
ner. Five strains of a virus similar to Virus III were cbtained, The

lesions produced by the strains were usuzrlly observed betwesn the third

and sixth testicular *._ra-nsfers. Three of these straine have been studied.
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Virus III bas bsen treansferred more than a hundred times from rabbit

to radbit by means of testicular inoculations. Definite lesions follow
the inoculatien of the virus in the testicles, skin or cornea of rabbits.
A gharp febrile reaction frequently follows intratesticular inoculations
of the virus. The virus has been obtained from the hearts' blood of
rabbits insculated intratesticularly or intradermally. Intracerebral
ineculations are followed by fever but all the animals recover. Local
infiltration of the tissues with endothelial leucecytes, swelling of

the involved epithelial cells and the presence of muclear inclusions in
both endothelial leucocytes and the epithelial cells were the character-
istic pathological changss ebserved in rabbits experimentally ineculated
with the virus, Portions of the testicular emulsiens containing the virus
have been showm repeatedly to Be fres of ordinary aerobic and anaerodic
bacteria. Furthermore, ordinary bacteria have not been seen in stained
films and dark-field preparations of the emulsions contalning the virus,

in stalned sections of inoculated testiclea or in sectiens of inoculated

~ testicles impregmated with silver nitrate. The intradermal methed of

. inoculating the virus giv.u more reliabdle results than these ebtained by
. .smearing the virus on the soarified skin, Virus III, heated 10 mimates
. % 55°C., will net produce visible lesions in the skin of rabbits. Virus

III passes through Berkefeld N and V filters. The data ebtained so far

. indicate that the best methed of preserving Virus III in an active lﬁato

is te filter the testicular emmlsions containing the virus, add glycerel
to the filtrate up to 40 per cent of the tetal volume, seal with nsqline |
and stere en ice. Viable Virus III produces a definite immunity in rab-
bits which persists fer at lgdaf six menths. The immunity fellews intra

dermal, intratesticular, 1ntravdnous, intracersbral or intranasal inecn~




lations of the virus. A single intradermal injection of Virus III which

has been kil}ed by heat will not produce a demonstrable immun§ty im radb-
bits. No passive immunity to Virus III was demonstrated in rabbits which
had reeceived intravenous injections of 5 - 10 cc. of irmmune rabbit serum
24 hours previously. Immune rabbit serum meutralizes Virus III either
in vitro er locally in a rebdit's skin when the irmunes serum and the vi-
rus are injected into the sams vart of the skin or at about the same tims.
Three strains of the virus under investization are irmunelogically identl-
cal, Virus III and vaccine virve are immunnlogically distinct. Virus
III end the virus of symptusatic herpese ace Imsunolegically distinct.
Identifientian o1 Viras Ial.

The method employed ia ebtainiag the virus, the fact that more
then half efl the e¢xperimentis which wero porfurmed in attempting to obtain
the virus resulted negatively, the masrescepic and micrescepic lesions
preduced in rabbits by the virus led us at first te infer that we were
not improﬁa.‘bly working with the cticlegiccl agent of chicken-pox. It
was realized that the final proof that the virus is the eticlogical agent
of varicella was lasking and in eur Octoder repert of last year we stated
that "while the virwa produces l'eliom:in rabbite very much like these of
human chicken-pox, we have not shewa pr‘eﬁ.uentally that the virus is the
etiologica.l,uont. of chicken-pex." : A dPstter undarst;mding of ‘the be- -
hevior ef the virus im animals and better metheds of working with the -
virus were necessary before we ceuld rely en the rasults of experiments
performed to identify the virus.  The necessary metheds and a ¥nowledge
of the behavior of the virus in normal and immune animals were obtained
and have Ween briefly oun;n-.rizod. above. With this infermation we were

then prepared te undsrtake the identificatien of Virus III. The results

of this werk are summarizsd belew.
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Fesling as we did about Virus III our first sxperiments natu-
rally were planned to establish if possibdle some relationship between
the virus and the etiological agent of ohicken-pox. We first tried te
protect radvbits against Virus III dy intravenous injections of whole
blood or bleod serum from patients convalescent from varicella. We
wore unable to;arotoct rabbits against Virus III in this mammer. Then
wo tested the virucidal action of serum from patients convalescent from
varicella. The resulte of these experiments showed that sera from two
normal adults and frem fourteon pationts convalescent from chicken-pox
had no demonstrable neutralizing effect upon Virus III in yitro. Further-
more, no difference was detected in the sera collected from four patients
during the disease and during convalescence. Finally we attempted to
actively imunizo rabbits against Virus III by injections of fresh bdleod,
nasal washings or vesicle fluid from patients with chicken-pox early in
the dissase. Control animals recoived similar amounts of fresh blood

from normal humns, After the ineculations the animals were kept 21 to

67 days and then the presence of an immunity in them was determined by
means of intradermal inoculations 8f various dilutions of active Virue
IITI. Elsven experiments were parforinod in which 39 test and 23 control
animals were employed. The percentage (36 per cent) ef immune animals
was the same in ‘tho‘control as in the experimental animals. Therefore
from these oxperimeixtn ne evidence was obtained in faver of Virus II'I
being the etiological agent ef varicella. Furthermere, an anslysis of
the results revealed that the failure of 26 por\oent of the radbits to
react to Virus III was net dependent upen the previeus ineculatiens of
bloed, vesicle fluid or nasal washings. In eur previous werk of making

routine transfers we had feund that only about 15 per cent ef 200 young

steck ravbits (1,800 gmu.) failed to react to intradermal ineculations of
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Virus III and were surprised to find so many refractory rabbits in these
sxperiments.

At this point in our work we became suspicious that Virus III
was not the etiological agent of chicken-pox and probably had its origin
in rabbits. Thereupon we took 20 stock rubdits of all ages, dled them
from the heart and tested their sera for virucidal prupesrties for Virus
I1I. TFour of these sera, 20 per cent, neutralized the virus in witro.
The animals whose sers neutralized the virus in yitro, were subsequsntly
feund to be refractory when the skin was tested with active Virus III.
S{x normal stock rabbits wers bled and their sera were tested for viru-
cidal properties. The serum from one neutralized the virus. The rab-
bits were kept under observation for two months for another experiment.
At the end of that time they wore bdled again and the sera wers tested for
virucidal properties. Thie time the serum from another rabbit in ad~-
djition to that of the one which was originally virucidal was found to
nputralize Virus III. All six of the rabbits were then inoculated in-
tra.dormnlly with Viml III qu- were mceptible to the virus, Ths
two whou nera nautra.lized. the virua however. woere rafractory. One of
thon rabbitl dﬂelcped an ixmmity while under obumtion a.nd. as fa.r as
we can dotermino we did nothing to induce thil imnunity. In earlier ox-
parimentt we thought we a.lle fuu.nd. ovid.once of a cnge 1n£oction s,n at N

-~

loa.st two instanceu.

At this point we lea.moa. fyom Dr. Svru't'- (cputmont thM;
virus similar to ours had been obtu:lnoe. by injecting the blaod of rheumat-
ic fever patients into the tuticlu of rabbits and then making repeated
testicular transfers a.f; four-day intervals. Iater they were abls to ob-
tain a similar virus by using nermal rabbit ®lood instead of bloed frem

patients. We hed theprivilege ef ebserving their work and the two de-
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reriments coepsrated in performing cross immunity experiments the re-
sults of whieh seemsd to indicate elearly that we were working with the
same virus or at least with viruses which could not be experimentally
differentiated.

Monkcys, mice, guinoa pigs and men (two adult volunteers) have
shewn no susceptibility to Virus III,

In spits of the fact that 15 to 20 per cent of stock rabbits
are refractory to Virus III we have never been able to recegnize a
spontaneous infection with the virus in hundreds of so~called normal rabh-
bits. Therefore the naturs of Virus III has become to us an intriguing
problem. It even occurred to us that the virus might be of & nature
somewhat similar to that of the bacteriophage. In our work and in the
experiments of Dr. Swift's laboratery the lesions produced by the virus
were usually first noted in the third to the sixth testicular transfer.
It is barely poesible that, during the manipulations of making repeated
testiular trensfers, a cell lysing er a cell toxic substance might have
arisen which was then propagated by repeated transfers at four-day in-
tervals. Conssquently male white rats and masle guinea pigs wers subjected
to the same treatment that the male rabbite had received in a.ttehpting te
tranemit varicell: 3o animals, with the exception that blood was not ine
Jected 1nt.o the testiclos of the first animal in each of the uories. ‘
Numerous transfers wers mads from testicle to testicle in white rats and
in guinea pigs. So far nething hn.s been obtainsd that roaenbles the

virus with which we have been working. Although the results of our work

along these lines have been negative, we intend exhausting the obvious
leads before drepping this phase of the subject.
The evidence gained so far in regard to Virus III indicates that

we are working with an active transmissible agent which partakes of the
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characters of ‘he se~called filterable viruses. By immunoclogical tests
in humans and rabbi%s it has been impessible to ebtain any evidence that
this virus is assocciated in patients with the manifestations of wvaricella.
On the other hand, the studies do bring evidence that we are dealing

with a new virus. Altheugh the evidence is dinstinctly in favor of the
virus having its origi.1 in rabbits, we feel that the exact source and
nature of Virus 1II and 1ts relationship te human and rabbit diseases re—
main te be determined accurately.

C. Experimental Infuction of the Skin with Streptecoccus Hemolyticus,.

Recently an epportunity was accidentally afforded of observw
ing a severe case of faclal erysipeles. The lack of & definite under-
standing of the disease and a complets helplessness in controlling its
(read and complications led to the work reported at this time. The nethod
of infecting the skin of rabbits with hemolytic streptococci, the types
of lesions produced, and methed of praparing en irrmune serm and the tech-
nigque of demomnstrating protective substances in the immune serum will be
described. Without dus consideration one might think erysipelas quite
remote from chicken-pox. To us, however, erysipelas and chicken-pox havse
many points of interest in common since both diseases attack the skin.
Furthermors, the skin is being widely discussed recently in regard te the
role 1t plays in infection a.nd. resistance. )

The hemolytic streptococcus used in these experiments was oﬁ-
tained from the exudate of & surgical incision in the erysipelatous ares
of patient A. ten days after the onset of the disease. The organism was
not considered very virulent for rabbits as 2 cc. of 18&hour broth cultures
made from the original blood agar plate did not kill rabbits when adminis~
tered intravenously or intraperitoneally. When 0.1l cc. of a breth culture

was inooulated into the shaved skin of a rabbit, however, & lar’s phlegro-

.
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nous lesion developed.

After the first few experiments, broth cultures wers not used
as more constant results were obtained with 24-hour blood agar slant
cyltures suspended in 8 cc. of Locke!s solution. The suspensions were
shaken well and then various dilutions were made as desired. Farly 1t
was found that the dilutions of the cultures could be tested accurately
for the production of visidle lesions in the shaved skin of the same rab-
bit. FPequently 15 to 20 intracutaneous inoculations were made at the same
time in one animal without proving fatal, Therefore the use of multiple
inoculations in the same rabdbit simplified the interpretation of the ex-
perimental data. 0.1 cc. of the streptococcus suspension was injected
intracutaneously each time. Although precautions were taken to make the
inoculations intracutaneously, it is not unlikely that some of the inocu~
lun reached the subcutaneous tissues,

The streptococcus used in these experiments as & rule produced
a visible lesion in the skin when 0.1 cc. of a 1 - 500 dilution of the ori-
gipal suspension was injected intracutaneously. Within 24 hours after the
i@Mationa large phlegu;onous lesions were eeen.at b"ths sites of in.joctioh
of the heavier suspensions. These lesions were usually phlegnouous' in
character and ﬁuied: :re'i;y sldwly; The lesions at the sites of inoculation
of the higher dilutions of the suspension were small red nodules without
necrotic centers and disappeared rapidly without breaking down. In addition
to the phlegnoné, howeve-r ' anothér type of lesion appeared in apprm;ima.teiy/
10 per cent of the rabbits inoculated. These lesions resembled human ery-
sipelas, occurred two or three days after the akin was inoculated and ap-
peared around phlegmons. A flat, slightly reised, erythematous condition

of the skin was seen just outside the phlegmencus area. A definite ir-
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regular edge was perceptible. The red raised area spread in all direct-
ions, up as well as down the side of the animal, The spreading usually
contirued six or seven days. The acute inflarmatory condition subsided
rapidly and was always followed by a marked desquamation of skin involved.
After the erysipelas had disappeared, the abscess around which it developed
often persisted for weeks.

The preparation of immune serum was relatively simple. A number
of rabbits were shaved and each received 0.1 to 0.2 cc. of & streptococcus
suspension intracutaneously at weekly intervals. Seven immunizing doses

were given and care was taken not to inoculate the same area of skin more

g e

than once. Eight days after the seventh inoculation the rabbits were bled
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from the heart. The sera were collected, pooled, inactivated and stored

on ice. No preservative was added to these sera.

AR DI T3 TR S

Prot ective substances in the immmune serum were demonstrated
by tests in the shaved skin of rabbits. Equal quantities of immme serum
and normal serum respectively were mixed with varieus dilutions of the
s?reptococcus suspension and then 0.1 cc. of these mixtures were injected
immediately into the shaved skin of the same normal rebbit. On one side
of the animal mixtures of irmmme serum and organisms were inoculated, em
the other side similar mixtures of normel serum and organisms were fmjeotéd
as controls. Very little was seen in the ekin where the mixtures of im-
mne serun and streptococci were injected. The contrel inoculations, how-
ever, were follewed by the usual phlegmensus lesions With necrotic centers.
The normal serum afforded very little if any protection. The immmne serum
efforded a marked pretection.

The hemolytic streptococcus ussd in these experiments regularly

produced lesions in the ehaved skin of rabbits and these lesiocns were
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usually phlegrmonous in character. In enly an occasional rabbit, however,
did a typical erysipelas develop arocund the point of inoculatien of this
organism. Furthemmore, if a rabbit received multirle inoculatioens and
later developed in addition to the phlegmonous lesions a typical erysipelas,
it ooccurred usually around only one of the inoculations. It seems quite
evident that something nore than the mere injection of this hemolytic
streptococcus into the slkin of a rabbit is hesessaxy for the development
of a typical erysipelas., At present we can offer no explanation of this
pPhenomenen .

The ears of rabbits have been used extensively by other workers
in the experimental study of erysipelas. They were not used in these ex-

Periments because large areas of skin were desired for observing the pro-

gress of the lesions, fer titrations of cultures and for the demonstratien
of protective substances in imrmune sera.

2 cc. of broth cultures of a streptococcus did not kill rabbits
when injected intravenously or intraperitoneally. Therefore intravenous
er intraperitoneal teats for the presence of protective substandes in .
impnme sera would be more or less wmsatisfactory with this streptecoccus
unless its virulence were enhanced. Increasing the virulence of strepto-
cocci experimentally, however, is not always easily accomplished. The
virulence of this organism for mice was not tested, It is knom, neni\- ‘
theless, that mice in gensral are not as satisfactory for streptococcus work
as they are for pneumococcus ex’perizhents. Farthermore, it is knmown that
egglut ination and absorptien tests with streptecocci are difficult and time
consuming. Therefore the use of rabbits! skin in the mamner indicated in
this report may lead to additienal facts about streptococei. It may even

be possidle te type streptecocci in this way rather than by agglutinations
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and absorptions and thus ebhtain additional knewledgs in regard te type

specificity of the pretective substances in antistreptoceccus sera.

D, _Studies Concerning Lecal Passive Imrmnity.

While working with Virus III, disceversd in attempting to trans-
mit varicella to rabbits, observations were made which led to experiments
in reference to local passive immmunity te the virus under investigation.
Since these experiments were instrumental in arcusinginterest in the
goneral subdlect of local passive irmmunity they will be reportsd befers de-
scribing the experiments on local passive irmunity to hemolytic strepto-
coccus infection.

Msthods.
The methods employed in working with Virus III and with

the streptececcus were similar and will ®e outlined hers. Each

experiment wan cmﬁpletc in one animal. This simplified the inter-

pretation of the expsrimental data. The gera, normal and imrune,

were pooled spscimens, No preservative was added té the sera.

Rabbits were shaved on both lidia of the body. One side was used

for the controls, the other for the tests. Areas of skin 2 cm. in

nmfor were infiltrated with 0.5 co. to 0.75 co. of immune umm‘,

normal serum or ether substances u desired. 24 to 48 hours later
- Virus III or the hemelytic streptococcus was injected into the cen-

ter of these infiltrated areas of skin and alse into uninfiltrated

areas of skin. \

L al Pagsive ity to Vi I1I.

Nexmal rabbite were shaved. Their skin was infiltrated as indi-

cated above. The virus was injecisd 24 te 48 hours later, The animals

were under ebservation ten days. The virus did not produce visidle lesions

e
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in areas of skin infiltrated with immune serum 24 to 48 hours previocusly.
Viasible lesions were produced by the virus, hewsver, in areas of skin
not infiltrated and also in areas of skin infiltrated with normal serum.
Thers was ne apparent difference betwoen the lesions in unfiltrated skin
&nd those in areas of skin infiltrated with nermal serum. From the results
of these experiments, it secms reasonable te conclude that a local passive
immuni ty to the virus was produced in the skin of rabbits for at least 24
to 48 hours following the infiltration of the skin with immune serun.

A review of some of the reports of studies on scarlet fever,
expecially the onss in regard to the extinction tests with inmmmune serum,
revealsd certain facts which indicated that a local passive irmunity can
be produced in mman skin., Blake states that intradermal injections of
Dochez!s immune horse serum locally blanched the rash of scarlst fever
patients and that the blanching persisted. Furthermore he atates that
when the serum was given intradermally during the first 24 hours of the
diseass, in addition to the persistent lecal blanching of the rash, the
skin 4id not become pigmented over this area nor d4id it desguamate later,
Normal horse serum did not blanch the rash, In these experiments the intra~
dermal injection of immune serum protected the skin locelly and the pro-.
tection persisted for several days at least.

The subject of lecal passive immunity was not pursued further
until an opportunity was accidenté.i“.ly efforded of observing the progress
of & severe facial erysipelaa. In spite of all the work that has been
dene on streptococcus infections, everything that was tried on the patient
failed to stop the spreading infection. Erysipelas is an infection more
or less lecalized in the skin and its spread can be obssrved without dif-
ficulty. At this time the facts in regard to local passive immunity were

thought of again. In view of these facts the logioal method of treating
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& locally spreading infection sesemsd to bs the preparation of the tissues
in the immediate vicinity in some manner, for instance, By the injection
of irmune serum, so that when the infection spread up to the prepared
zons it would meet refractory tissues and be unable te progress further.
Thersfore the following sxperiments were performed to determine if a lecal
Passive immunity could be domonstrated in radbbits's skin to a hemolytic
streptoceccus infection.

Lecal Nen-Specific Protection against Experimental Infectien

with a Hemelytic Streptococcus.

Altheugh the injectien of normal serum into the skin of rabdits
did not pretect against infection with Virus III ineculated inte the same
area of skin 24 te 48 hours later, a review of the literature seemed te
indicats that meat infusion droth and possidly normal serum infiltrated
inte the skin might produce seme pretectien locally against hemolytic
streptecocci injected 24 hours later. It was necessary to determine if
this were true befors attempting teo demonstrate local passive immunity
against streptececci. Experiments perfermed for this purposs demenstrated
cenclusively that meat infusion breth or nermal serum infiltrated intm 7
the skin of a radbit pretected 24 heurs later uainlﬁ doses of hanolyti;:
streptecoccl that preduced visible lesiens in mninfiltrated skin ef the
same animal, It was absolutely necessary te infiltrate the lkin"boforo
the streptecoccl were ineculated if protection was desired becauss droeth
or nermal serum afferded Po proetectien when mixed with the suspensions of
streptececci and then injected inte normel skin. At present dats are not
available in regard to hew soon the pretection appeared after the infil-
tration or how loeng it persisted. 2¢ houra»wu chosen arbitrarily to

elapse betwsen ths infiltrations and the ineculations.




Local Specific Protection against Experimental Infecticn with a

Hemelytic Hitroptoconcusr.
Infiltrations of the skin with normal serum and wlth broth

afforded soms local protection against infection with kemecly‘ic strepto-

coccl inoculated 24 hours later. No attempt has been made t¢ analyze
the mechanism of this protection which, for convenience, will be spoksn
of as a local non-specific protsctien in that it was indarQl . both by
normal serum and by bdroth. In additien to this local nen-siucific pro-
toction indaced by normal serum, it sesmed desirable te determine if a
specific local passive immunity te hemolytic streptococcus 1nf;ctiona in
the skin could be demonstrated by means of infiltrations of homologous
immune serum 24 hours previous to the inoculations of the cocci. Thsre-
fore experinments wers performsd te ascertain if more protsction was af-
ferded by infiltrations of irmune serum than by infiltrations of similar
ameunts of nomal ssrum. The results of these experimsnts showsed that
nermal serum afforded some local protectien but not as much as that af-
ferded by immmmne serum.

In the experiments reported abeve ths skin of rabbits was made
refractory locally to hemelytic streptecoccus infections by means of in-
filtrations of either normal or immne serum. Imrmine serum afforded more
pretection, hewsver, than nermal serum. This diffsrencs in the ameunt of
protection afferded by the immune serum over that afforded By the nermal
serum will De designated local passive immniiy.

At this peint it seemed of intersst to ascertain if intravenous
injection of large amounts of the immmune serum would pretect rebbits against
infection with hemolytic streptococci fnoculated in the skin 24 hours after
the administration of the serum. The results of the experiment showed thet

the serum administered intravenously afforded no visible protedtien against



~the ekin already inflamed dlanched the srythema nor 414 they in any por-

LI { g

109
infection of the skin with streptococci.

Local Passive Immmunity in the Treatment of Experimental Erysipelas.

Irxrune serum administered intravenously did not protect the rabbit
against subsequent skin infections with hemolytic streptocccci. The im-
mune serum, however, afforded local protection when it was infiltrated
in the manner described above. In the experiments described so far the
serun was erployed only prophylastically. The follewing experiment was
performed to determiine the effectivensss of the irwmmune serum injected

lecally in contrelling the further spread of an infection already under

way. i

A rabbit with a typical spreading erysipelas was chesen for
the experiment. 0.25 cc. of normal serum and 0.25 cc. of irmmune serm
were Injected in two places in the skin already involved. In additien
to these injections 0.75 cc. of immne serum was infiltrated in normal
sicin along & slightly curved line epproximately an inch in length just
beyend the edge ef the erysipelateus area. Th;o animal was examined daily

for a fortnight. Nelither the normal ner the imrmne serum injected inte

ceptidle way alter t.ho‘cmu-u of_\the infection. The immune serum infil-
trated in the healthy skin just deyeni the edge of the spresding exsipslas,
hewever, stepped the further spread of the infedtion in that area. The
erysipelas did net invelve ths infiltrated skin but spread areund and con-
siderably beyend it. The skin in the erysipelatous area desquamated later
but ne desquamatien eccurred in the adjacent skin infiltrated with immne
serun. Frem this experiment it seemsd evident that the healthy skin was
made refractory locally te en infection already under way Py infiltrating

it with immune serum and that the refractory tissues scted as & barrier
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agrinst the further spread ef the infection in the immediate vicinity.
Loeal active imrmunity has recently attractsd the zttsntien ef
many investigators. Our experiments, hewever, were planned entirely for
the study of lecal passive imzunity and its value as a prephylaxis and
treatment of certain lecal infectiens. In tke courss of eur werk local
passive immmunity was studied in relation te twe types ef infection, one
caused by a filteradle virus, the othsr Wy hemelytic streptscecci. A le-
cal passive immunity te doth types of infectien was demenstrated by means
of infiltrating emall areas of skin with immune sera 24 hours befere in-
oculating the 1nfect1.ous materials. Se far no attempt has been made to

analyze the mechanism umderlying this phenemenon. In spite of this it

seems obvious that a 15cal passive immunity cam exist and exist lang eneugh

to be of valus in the preventisn and treatment ef certain lecal infectiens

In additien te the local passive immminity there is, at least
as far as the hemolytic etreptoceccus is cencernsd, a non-spscific re-
fractory state induced locally by the injection ef nermal serum, broth
and possibly many ether substances. One cencludes frem Gay's work that
only certain substances will produce this refractery state and that seme
of these substances must be administered in proper 'concontrl.tions if a re-
fractory rather than a mere susceptible condition is desired. In the fu~
ture it may be shewn that this nen-specific facter cuﬁ be utilized advant-
agoously in the local treatment ef certain spreading infections,

The skin of a raddit that received the antistreptecoccus serum
intravenously was as susceptidle as the skin of a centrol animal to in-
fectien with hemelytic streptececol 24 hours later. Portiens sf the same
lmmne serum injected lecally, howsver, pretected against largs doses of

streptocecci ineculated in the infiltrated areas 24 hourslater. Similar




observations were made in regard to the use of immune serum against
Virus III. It appears, thorefore, that if the best results are to be
obtained with certain immune sera, these sera must be administered at
the site of infection rather than intravenously. Furthermore, if the
maximum benefit is dssired from the use of immune sera in the treatment
of certain infections, 1t seems advisable to inject the sera in healthy
tissues Just beyond the infected areas in ordsr to create darrisrs of
highly refractcry tissues through which neither ths infectious agents
nor their products can break. In oreating wuch barriers of refrectory
tissues it seems not unliksly that non-specific as well as specific fac-

tors may be employed.

Studies on the Normal and Pathological Chemistry of the Blood and on
Nephritis.

Dr. Van Slyke, Dr. Hastings, Dr. Salvesen, Dr. Murray, Dr. McIntosh and
Miss Hiller. '
Methods of Blood Anslysis.
Blood Gases. The technique for use of the manamstric apparatus has been
| __d.eveloped.in such & marner that the same apparatus used for analysis of
the usual amounts, 1 or 2 cc. of blood, may slso be used for both Op and
COg dsterminations on as 1ittls as 0.3 ca. of ‘blood, with an sccuracy "*
approaching 1 pér‘c’enﬁ - As absorbent for oxygen, sodiup hydrosulfite
(NuQSg045 has been introduced in plaws of pyrogallol, The techrique for
carbon monoxide determination with the new apparatus has also be_on per—-
fected, so that this gas can be destermined as easily and accurately as
Op end COs. The thres gases, COy, Og and CO can be accurately d.otermined.l
on & single 1 cc. sample of blood in about 20 minmutes. For this puryedre
the gases are freed by addition of lactic acid and potassium ferricyanide.

The CO, is absorbed by a few drope of NaOh and the 02 is absorbed with
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0.5 cc. of hydrosulfite solution, the preseurs of the gases being
measured on the manometer befors and after each absorption. The resi-
dual gases are CO and N5, which ares measured together, the CO being
estimated by sudbtracting 1.15 volume per cent for the sz which 18 con-
stant figure for the circulating blood. Technique has also been as-
certained for measuring the CO by absorption with a cuprous chloride
solution, but the 1\72 content of blood is so constant that estimation of
ths CO by subtracting 1.15 fram the CO + Ny per cent proves as accurate
a5 the absorption.

Blood Chlorides. In msasuring the cell chlorides with the sccuracy
required to follow the changes observed in our experiments on electrolyte
distribution, 1t was found desirable to obtain a technique which obvi-
ated precipitation ef the hleed proteins, and the errors dus te ths vol-
ume of precipitate, especially bulky in thes cass of separated cells. The
rroblem was selved very simply by digesting the bleod or cells with 3 -
volumes of cencentrated nitric acid centaining a kmown amount of silver
nitrate. The test tube or flask centaining the mixture is allewed to
stand immersed in steam or beiling water until the fluid becomes & clear
light yellew, ene hour sufficing for serum, ssveral hours Poing requirﬁ
for whols blecd. The excess silver is titrated with sulfecyanats in 'thc
same vesssl 8o that the entire analysis is performed in a single cén-
tainsr. The method has obvin:te( the difficulty of bulky hemeglebin pre-
cipitates, at which it was aimed, but it has also preven so simpls thay
1t is being used in preferencs to previous procedures for routine plasme
analysis. The accuracy of the methed was tested by preciss snalyses of
standard chlofido solutions, and of contrel selutions mads by adding tq
dialyzed dloed known ameunts of chleride. The experimental werk was dene

by Mr. Julius Sendroy, at preserit technician in the laberatery.
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wita the assistance of Kr. Seniroy has cornsiderally irproved the Cullen
method for direct reading of the plasma pH with phencl red. It has

®een found that if the serum, diluted with saline, is warmed to body
texperature at the time of the reading, no corrections for tempsrature,
dilution, protein, or salt error are required, only the temperature ef-
foct bYeing of importance, Furthermore Yy use of the bicolor standard
principle introduced originally Wy Gillespie, (formerly of this Hospital)
the difficulties encountered in making accurate buffer standards are
oiimimtod. Instead of a standard phosphats solution of known pH, two
tubes of alkaline and acid solution form the standard, the reading ®eing
taken through both tubes, and the proper color obtainsd by varying the
smount of indicator in each. Such standards are not influenced by tem-

perature, and are much more stable than the ususl buffer standards.
Physical Chemistry uf the Blogd.

Cause of the Greater COg Binding Power ef Reduced as Compared with
Ozygenated Blood. The 'study of the chemical dasis for the physiologically

important fact, that reduced %lood absorba more CO; at the same tension
than does oxygenated ®lood, has been continued with Dr. Hastings and Dr.
Murray. It was shown last yesar that the causs of - the fhoncmonon is that
oxygenated hemoglobin binds more alkali than reduced, at physiological -
pH. It has now been found by more accurate and detailed experiments that
the differsnce in bue—hindiﬁ'g power betwsen the two forms of hemoglohin
varies with the pH, being at & maximm at pH 7.4 and decreasing in a rsgular
curve on ou“ch side of this point. Quantitatively ths curve is that calcue
lated on the assumption that a single acid group in the hemoglobin molecule

has its acidity as msasured by its dissociation constant, increased about
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25 fold by the changs from reduced to axygennted hemoglobin.

Effect of Oxygen Changes on the Electrolyte ahd Water Distribution

in the Blood. A4s & preliminary to an attempt to solve the physico-

chemical processes involved in respiration and in sdema formation, the
o ! laws controlling the distribution of electrolytes and water between the
blood cells and gerum were forrmlated in work reported last year from
Peking. The effects of CO; changes on the distridution approximated
those predicted from the alkanli-binding power of ths blood proteins,

from calculations based on Donnan'e memdrane theory, and from the as-

sumption that the ratio lons t.molecules is equal in cells and serun. H

The results of oxygen changes were calculated, but were not determined

in the Peking work. Experiments have now been performed by Dr. Hastings
and Dr. Murray to determine the oxygen effect. It has been found that

at a given plasma pH, increases in the oxygen bound by the hemoglobin of
the blood causes & shift of dicarbonate and chlorids from serum to cells,
increasing the difference between the condentrations of these anions with-
in and without the cells, as theorstically predicted from ths greater

acidity of oxygenated as compared with reduced hemoglodin.

The degree of ionization of the sodium and potassium salts of ths
erum ins a f_hemoglobin has besn studied dby Dr. Mtinga and Dr.

Cecil Murray with preparatiens of crystalline hsmoglobin made by Heidel-

T berger's method, and of electrolyte-free sarums albumin and globulin made
by Miss Hiller. In the theoretical treatment of the blood electrolyte
predlem by Van Slyke, Wu and Hastings, the approximate sssumption was |
made that the electrolytes within the cells are dissociated to the sams ex~
tent as those in the plasma. Ths degree of accuracy of this approximation
is now being tested on solutions of the purified protsin salts. The de-

terminations have been mads by the slectrometric method with amalgams 'of
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the alknlies as electrodes. With a technique obtained in part from
Professor Hamed of Philadelphia, Dr. Hastings has odtained consistent
resultes with the sodium and potassium protein salts indicating that 5
to 10 per cent solutions ares about 40 per cent ionized. This ionization
approxinates that of sodium bicarbonate, Whether it is affected by the
high concentrations of hemoglobin existing in the cells is now being
studied.

Blood Calcium.

The determination of the state of the blood calcium offers
problems peculiar both in diffioculty and in physiological and clinical
interest, as is evidenced by Selvesen's work, reported elsewhers, on the
behavior of the serum celcium in nephritis and tetany. Hastings and
Murray have endeavored to obtain information concerning the ionic activity
of the calcium protein salts, and the nature of the factors which enable
the blood plasma to hold in solution much more calcium than a sirmple
water solution containing phosphate, bdicarbonate and pH equal to those
found in the plasma, They have found that caloium carbonate, phosphate
and sulfate are rendered much mors soluble by other salts in solution,
and that polywvalent salts, such as citrates, are more powerful in rais-
ing Ca solubility than monovalent salts, such as NaCl. These results are
in accord with Bronstedt!s physico-chemical work on the éeneral relation
between the solvent effect and ionic strength of salt solutions. The
peculiarly high solubility of Ca in blood serum is due to the proteins,
which, since they are many-valent electrolﬁes, might be expected to exert
& high solvent effect with & corresponding dspression of the ionic activity
of the Ca. /'/

Dr. Salvesen has continued, with Dr. McIntosh ;,nd Dr. Hastings,

his study of the phyei cal phenomena comnected with changes in the
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calcium content of the dlood serum. His studies of the mineral and

protein constituents of the blood plasma in nephritics, reported last
year, led to the conclusion that the fra#tion of calcium held in solution
by protein could be decreased without causing tetany, which results only
from & loss of tho diffusidle, and presumably ionized Ca. That loss of
lonized Ca is itself a primary cause of tetany has bsen somewhat disputed,
inoreased Na or pH being sugiested as the important factors. Dr. Salvesen
has been able to produce tetany at will in dogs in & few hours merely

by oral administration of several grams of neutral or alkaline sodium
Phosphate. The Na and pH of the serum are unchanged. The serum PO4

is about doubled, and the Ca reduced to about half the normal value.

That the tetany is due to the Ca loss rather than PO4 increase is shewn by
the fact that it is instantly cured by intravemous injection of Ca and
Cla sufficient to restore a normal blood Ca content, the POy remaining
unchanged. That the Na:Ca or, more prodably, the H¥ : Ca ratio may

also play a part in tstany is, of course, possible.

Acid-Base Balance and Gas Exchance.
The blood gases and acid-base dalance in perumonia have been

studied by Dr. Hastings and Dr, Neill, in the chemicallaboratory, with
the collaboration of Doctors Morgan and Bingsr. It has been found that
the change in the acid-base balance is slight, and is in the direction not
of acidosis, as was previocusly suspected, but of an alkalosis, due to
driving off CO2 by the rapid ventilation. The results during the febrile
state are a somewhat lowered CO2 tension in the blood, a slightly increassd
pH, and a practically unchanged alkaline reserve.

Eight out of 10 pnewmonia cases in which arterial oxygen deter-

minations were dons showed at some period of the diseass daficient oxygene~
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tion of the arterial blood. In none of these cases was there incroased

arterial CO; tension. These results seem to prove that when the respira~

tory gas exchange in the lungs is

Ty 1indered by patholo

oxygenation fails bsfore CO» retention becomes important, a conclusion

which may be derived theoretically from the fact that diffusion of COp
through animal membranss is 20 to 30 fold more rapid than diffusion of
oxygen.

The results on the acid base balance, together with others
observed inthis laboratory and elsewhere, have led us to taks up again
the study of the mschanism controlling the acid-base balance and connect-
ing it with the respiration. The conclusions may be summarized as follows:
When the alknli reserve of the blood is altered (as in diabetic acidosis
or in the opposite direction, as in loss of HC1l fram pyloric stenosis
end vomiting) even slight alterations are accompanied by pH changes. The
earlier conception that, teleologically expressed, the pH is so important
that the organism will alter the CO2 tension to the respiratortly possible
lmit in ordar to prevent the slightest change in pH, was based on data
in the literature which wére incomplete, and in some points inaccurate.

It appears, on the contrary, that when the alkali reserve is lowered, the

percentage change in the hydrion concentration is usually about twice as

great as that in the CO, tension, and this ratio is maintained to the ex-

treme limit of acidosis. Judging from the compromiss betwsen change in H'
concantrﬁtion and in COy tension to which the organism gravitatas whenjthe
blood alkali is altered, normelity of COp tension 1s about twice as im-
portant as nomality of " soncentration. And, becaunss of this compromise,
even & moderate acidosis in the sense of a lowered alkali reserve is as a
ruls also an acldosis in the Qenaa of a lowered PH, an'uncompensated acid-

vels.” Experiments om animal and mman subjects (themselves) by Drs. Hast-
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ings, Murray and Davies, have given results in accord with ihe abave

conclusions.

Stuiies on Nephritis.

Electrolyte Distribution Botween Plasma and Edeme Fluid in Nephritic.

The distribution of Cl?, HCO,', Na*, K* and H* betweon blood plasma
and edema fluid has been determined in o mmber of patients by Dr. Hast-
ings and Dr. Salvssen. According to Donnanls thsory of eloctrolyte
distribution previocsly discussed, if the membranes separating serum
and fluid ars permeable to these ions, they should be so related in

their concentrations that tho relationship ie

Cl' =HCOSB ! = N&+f [ K" f = H+ f = T
T
C1 ; HCO5, Na*a K . o

where sub_ indicates serum and subf. edema fluid. This equality of the

ratios was found to hold for all the ions except potassium. There is
some doubt concerning the accuracy of the method used for K in serum,
and it will be investigated. For the other ions there was observed not
only the approximate equality of the ratios dut also a valus of
almost axactly that calculated from the difference in alkali binding
Power between proteins per liter of serum and thoss of the sdema fluid,

ic Pressure between E ¥ dand.Bl 4 ip Ne is, Calcu-
lations by the Donnan theory of the osmotic pressure between edems fluid
and blood plasma lead to the conclusion that the Gemotic pressure must
be in the direction to draw water from the edema fluid into the blood.
This conclusion has bsen substantiated by direct osmotic pressure measure-
ments made by Dr. Hastings with edema fluid and serum from the sams pati-
ents, a pressure of about 20 mm. of mercury being regularly found towards

the serum. The forces which lead to the collection of edema fluid arse
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evidently not those of osmotic pressurs, but are other forces sufficient
to overcome the existinz osmotic pressurs.

Blood Sugar in Nephritis. Certain nephritics show constant hish blood

sUgars as deteﬁdned by the usual reduction methods, and other patients,
who show norunl fasting valuss, show blood sugar curves of the diabetic
type after glucoso feeding. Sinco many substances besides glucose reduce
the copper and other reagents used in the analysis, it seemed poesible
that the apparent glysemia might be caused By some of the other retained
netadbolites. The point was tested by detemining the reduction before
and after ysa~ifementation, and before and after 24 hour incubation of
the blood at 38°, which completely destroys glucoes., It was found that
of the 0.10 per cent of glucoss indicated in normal blood by the usual
analyses, only 0.07 is really glucose, 0.03 per cent being due to other
reducing substances. In nephritic dlood, however, the "pseundo-glucose"
is the same as in normal blood., BSuch glycemias as are observed in neph-
ritis must therafore de accepted as gemiine.

Carbohydrate Mstabolism in Nephritis. In order to ascertain whether

retardation of glucoss combustion might be associated with the tendency to
klycanid 1n gdme nephritice, the total metabolism was followed by the Tis-
sot method after ingestion of 100 gm. of glucose. The rise of the respiras-
tory quotient, indicating gluccss combination, was as rapid and high as ‘in
normal subjects. Apparently such dslay of absorbed sugar in the blood as
occurs 1s due to delay in transfer to the tissus glycogen depots, rather
than to retarded combustion. |
Mstabolic Behavior of Calcium Chloride in Nephritis. OCalcium chloride
hag recently besen considerably uased as a diuretic in nephritis. It has
been found by Doctors Salvessn, Hastings and McIntosh, that the caleium is

excrated in the feces , and the HCl1 is absorbed. The result is a marked

i
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acidosis, both the alkaline reserve and the pH fallizng séverely. Neither
the blood calcium nor the urinary calcium excretion is much affected.
The severity of the acidosis that may result from the dosaze recormended
is such as to contraindicate the treatment, at least unless the acid-bzse
balance of the patient is accurately contrplled.

Effoct of "Novasurol" on Renal Excretion. Dr. McIntosh has colla-
borated with Dr. Crawford in studying the effect on kidney function of
the arsenical, "novasurol", which has a remarkable diuretic action in
adenatous heart patients. It developed that while water excretion might
be increased ten-fold and chloride excfetion a hundred-fold, urea excret-
ion is practically unaffected, except for the relatively small accelera~
tion that Austin, Stillman and Van Slyke found to occur in normal in-
dividuals when the urins volume is increased. The peculiarity of this
substance in stimulating the excretion of ealt and water, but not of
urea, indicates the sharp differentiation in the mechanisms by which the
regpective substances ars excreted, and may be of assistance in physio-
logical sxperimsnts on these functions.

Use of Urea Content of Saliva iggtgag of Blood Urea in Determining

the Urea Excretion Index. The relationship between the blpod urea con-

centration and the rate of ures excretidn has been found to be the most
significant single indicator of the excrstory pawef of ths kidney, par-
ticularly when calculated with the corrsctions for the urinary volume
and body weight dstsrmined by Austin, Stillmen eand Van Slyke. The only
practical drawback has been the necessity for drawing blood for analysis.
It is ¥mown, however, that urea diffuses so freely through the membranss
that its concentration is nsarly the sams in all the body fluids except

the urins. It consequently appeared possible that the ures content ef the




et

121

saliva migh® be used instead of that of the blood in determining

the excretion index. Preliminary experiments by Dr. McIntosh indi-
cate that within the range of conditions thus far studied this can

be dons. Data will be gathered under extreme experimental and clinical
conditions to find whether the blood and ealivary urea contents approxi-
mate each other at all times.

Chlorido Reoabsorption in Renal Tubules. Dr. McIntosh and Dr.

Branch are undertaking to obtain evidence on the physiology of chloride

excretion by histochemical methois. By chloride-free diet the urine
of a dog can be made practically chloride-frese. If the glamsrular
urine is essentially serum-filtrate, it should then contain, because
of the high chloride threshold, 0.5 to 0.6 per cent NaCl, while the
lower ends of the tubules should be chloride~free, a difference so great
that even qualitative methods should detect it. If, on the other hani,
the glomerular urine is chloride free at the start, that fact also
should be dsterminable by the known histochemical chloride methods.
The study of the blood chemistry and renal function in the
different types of nephritie is Veing contimued with the purpose of
odtaining oclinical measures of renal condition sufficiently sccurate

to indicate ths results of tharapsutic procedures. .

Studies on Physiology and Pathology of the Clrculation.

Dr. Cohn, Dr. Murray, Dr. Stewart, and Dr, Crawford.

The general purposes of our work have been previcusly re-
ported. During the year a constant temperature room has been installed,
with the assistance of Mr.E. B. Smith, in which two persons can work in

daylight quite satisfactorily. Here, with Dr. Marray the study of cer-

tain phases of the growth of chicken embryos and of their hearts has been




contimied. We made many experiments to learn the changes which take

prlace in heart rate in the course of develorment. This we can now do

in two ways: first, by cutting a esmall hole in the shell and counting the
pulsations of the heart directly in the younger embryos, or of a beating
vesasl in older ones before further dissection of the egg takes place;
second, by cutting a hole in the shell, covering it with a celloidin mem-
brans or with mica, sealed in place, ahd then in the preparation so pre-
served, making counts daily. Preparations like this can be made ssuccess-
fully on the 3rd and kept to the 16th ‘day. We have found the rate on the
4th day to be about 200 beats per rinute; both before and after thle the
rates are slowe®, considsrably slower on the 2nd and 3rd days. We think
the rates will turn out to have & relation to "fhe Curve of Potential
Growth" formerly reported.

Next we dissected the embryo and have prepared the heart in
such a wey that it has been possidble to study the differentiation of
function which takes place in the primitive cardiac tube. We studied
separately the right and left auricles, each of which is divided into
twﬁ fragmenta; a middle pisce lying between them; and a mumber of fragments
from the ventricles. The facts we have are as follows. Alresady on the
3r4 day, the suricular end of the primitive tube beats faster than the
ventricular end, but there is as yet no apparent difference in the rate-
making funotion among these auricular fragments; later the middle portion
of the auricles takes on the pace (rate) malking function and develops & rate
much higher than that of the other auricular or ventricular fragments; the
rate of the ventricular pisces is fairiy uniform and equal to or slower
than the auricles before the 10th day, while after the 10th day, the ven-

tricular fragments usually do not contract. The pace-making piece often,
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indeed usually, equals the rate of the whole intact heart, showing thut
the pace-moking function is not injured by the dissection and preparation.
The size of the fragments does not appear to influenco their rate. The
behavior of the heart before the 3rd and after the 10th day under these
circunstances is now being studied. It should be possible this yecor
to complete these experiments so that we may then be able to give an ac-
ocount of these functions throughout embryonic life.

The study of growth from other points of view has likewise
gone forward; these, {t will be remembered, concern certain phases of
the chemical constitution of the embryo. One problem which has especially
interested us is the relation between the humidity of the atmosphere
in which the eggs are incubated and the loss of weight of the eggs, and
the concentration of water and fat in the egg during the period of in-
cubation. It was found that if the humidity is maintained at 28.0% the
loss »f weight in the incubation period is 10.0 gme.; if the humidity
is maintainsd at 82%, the loss of weight is only 1.0 gm. But whether
the loes in weight is 10.0 gme. or 1.0 gm, the concentration of water
remains at about 75% in those eggze which mature. Of the weight which is
lost, we think that 25% is derived from solid substance, prodadly fat,
which 1s sliminated as the carbon dioxids and weler of metabolism. In
conneotion with the loss of weight mentioned, Tangl has propossd the
theory that the loes ia.di:.e to the burning of fat and that the fat burned
is utilized as the socurcs of emsrgy in the dsvelopment of the embryoc.
In our anslyses it appears, howsver, that the amount of fat lost is de-
pendent on humidity and is part of a mechanism concerned in maintaining

the concentration of water in the egg.
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With these data it is possible to proceed to further analyses
of the constitution of the embryc. WVe have now data showing the chonges
which occur with age in thoe concentration of total solids, and the changes
in carbon dioxide and oxygen exchange. These chemical studiss are to be
utilized in analyzing thq substances (such as water, protein, bicarbonate,
chlorides, bases, and the hydrogen ion concentration) which regulato osmotic
conditions ani the substances of fuel value (proteins, fats and carbo-
hydrates) to the embryo.

VWith Dr. Stewart, the technique was perfected of studying the
effect of digitalis on the function of contraction in the hunan heart.
To our kmowledge, the use of the X-ray apparatus of G8tt and Rosenthal,
which was described in a former report and which we adapted to our pur-
poses, has made it possidle for the first time to carry out such observa-
tions directly. To find suitable patients for these observations was
difficult, but during the year we studied five, a sufficient rumber for
our purpose; ons & control, two in whom the cardiac rhytim was reguler
and two in whom it was completely irregular, suffering as they did from
fibrillation of the auricles. In the control patient, of whom we mads a
mupber of observations, the wniformity of the measurements was quite strilk-
ing, leaving no doudt ae.to their valus as controls. It will be rh&allod
5ﬁhnt the curve we obtain is the edge of a shadow cast on & moving film
by the excursions of a short stretch of the bordér of the left ventricle
near the apax and a similayr one of the border of the right auricle, when
the X-ray tubs is suitably placed. Our records show that when digitalis
1s giwon the extent of the excursion is increased; it mey indeed actually
be doubled. This seems to us to be proof that dhgltalis influences cone
traction. Thg importance of these observationlhies in the fact that, in

the current teaching an influence of digitalis on contraction is either




ignored or denied. From the point of view of heart failurs, this action

is however the most important one for digitalis to possess. We bolieve
that we have now placed its umeefulnsss in this connection on a sound
basisg.

In addition to the action of digitalis on hoart rmscle, we
are studying as well the effect of other agents such as calciun, both
alone and in combination with digitalis. On this subject we hope to
report later.

Dp. Stewart has contimued to operate on the cardiac valves of
dogs with the view to causing alterations in the heart muscle; such as
hypertrophy and dilatation as the result of the mechanical injury. These
are reactions which we wish to study for the light they may throw on
sorparable pathological processss in man, but also in connection with the
effect on the circulation of the dlood which results from such injuries,
As the result of much operative experience and the trial of several
methods, he is noﬁ able with a low operative risk to prepare such dogs.
We possess several of them and are testing, on the treadmill, their re-
actions to work., In this connection a method has been devised for the
collection of mixsd ienous blood.direct from the right ventricle of the
heart. This techniqﬁs sim@lifies éonaidefablj the estimations 6f cafboﬁ'
dioxids and of oxyéen'fbr use in calcuiating tﬁa volume Sf dlood put oﬁi
by the heart and the rate of flow; these are the measures of cardisc
efficiency which we use.

There are cases of heart fallure, characterized especinlly
by the eppearance of edema, which do not yield to treatment either with
digitalis or with the usual diuretice euch as theocin or diuretin. In
theas cases Dr. Crawford and Dr. McIntosh have studied the effectivensss

of novasurol, a nsw synthetic drug, recently introduced into practice
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for treatment of cases of syphilis. The preparation contains about 404 i

of mercury; its usefulness is presunably depandant on containing this
element. lercury in the treatment of edema is not new; in nore recent 4
years its use has however been cbandoned on account of the damage to the <
kldneys following its admiristration. BSo far, no danmage to the kidneys
has followed the use of novasurcl except in cases in which injury to thenm
wes already present. The general experience as well as our own has been,
en the contrary, that in syphilis and in heart failure, improvement of
the condition of the lcdineys, so far as the presence of red blood cells,
casts and albumen in the urine is concerned, has been reported.

In the patients so far treated the following effects of ad-
ministration have been noticed. The patisnts were individuals in whmp
the administration of digitalie had failed. The amount of urine excreted
was rmch increased, some times as rnmuch as ton times, the increase beginning

from 2 to 6 hours after taking the drug; the extent of the edema markedly

diminished, Sometimes to eliminate the edsma fluid entirely, more than
one administration of the drug at intervals of sabout 4 days was nscessary,
dus, perhaps, to the fact that the action of a single dose is brief,
Acoompanying this, a marked improvement in the state of the patients was
noticed. With the inorease in the amount of urine there is also an in-
oreass in the amount of chloridss excreted; and the amount of these is
not oenly percentile, but absolute, This changs wes of course reflected
in the changing concentration of chlorides in the blood and in the edems
fluid. The excretion of uresa and ammonia 1s little changed eithsr in the
blood or urine. Usu&lly no untoward symptoms or other effects attend ths
udminiatra.tioh' of novasurol.

The drug may act in ons of two ways, either by aiding the trans-




fer of substances from the tissues to the blood, or by facllitating
their passage from the blood through the kidmeys to the urine. If

the former is the mechanism, a stage should be found in which the blood

is dilute; if the latter, a stage in which it is concentrated. An
examination of the concentration of hemoglobin and of red blood cells
wag therefore undertaken. The evidence showed that the second of these
possibilities was the most important, although for a brief time after
injection the firat obtained; the hemoglobin percentage rose, the mumber
of red cells increased, during diuresis. We infer therefore that the
action of the drug is predominantly on the substance of the kidneys.
Betweon the days on which novasurcl was given, it was noticed
that the patients lost a little of the ground that had been gained. The

atiempt was therefore made to maintain them in their improved state by

employing an agent, like urea, which affects a different mechanism than
does novasurol. By.this means, sometimes the amount of urine increased,
sometimes it remained stationary,'but in no case was ground lost, even
for periods of several weeks. ‘This method also seems to us to represent
a galn in treatment.

, During the spring with Dr. Crewford a beginning was made in the
attempt to study the state of the capillaries ip dissase by the method of
cinematography. The techniqus is naturally 4ifficult, dut with the aid
of Mr. Rosenburger ‘photographé were obtained which give promiss of die-
tinct usefulness. We propose to pursue this investigation in the coming
winter. The problems which present themselves concern both the normal
function of the capillaries, such as whethsr they contract and if so,
whether in the form of peristaltic waves; what place they occupy in the

general dynamics of the circplation; their abnormal function during heart
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failure; and also their behavior in the presence of drugs. Thsse are

subJects which we think can be advantageousiy studied by this method.

Acute Fheumatic Fever.
Dr. Swift, Dr.Miller and Dr. Andrewes.

During the past year the continuation of the clinical studies
of rheunatic fever have improssod us with the lengih of pericd of active
infection in an attack of this disease. After an 3llness of two or three
months the symptoms and signs of this actlvity are often not strilkdng,
and may conelst oVly of a slight increase in temperaturs, rapid pulse
and low grade leucocytosis: signs that are easily overlooked unless
frequent observations are recorded. The administration of antirheu-
matic drugs such as sodium salicylate, aspirin, and neocinchophen also
tends to mask the symptoms of active infection. Ve feel, therefore,
that many rheumatic fever patients are allowed to be up and about before
the active infection has been completely overcome. This, of course, has
an m?ortu.nt bearing upon the development of cardiac disease; for with
our present lmowlsedge that practically all rheumatic fever patients
have some degres of cardiac involvement, it peems perfectly rational ‘to

conclude that such diseased hearts should not be requirsd to respond to
| the demands of active life until active infection has disappeared. Gbm-f-,_‘
pared with cur previous conseptions, this makes the problem of hospitali-
zation of rheumatic fever patients an entirely new one. A recent com-
pilation (in 72 of our patients) of the number of days between the onset
of the diseass and discharge from the hospital showsd that the average
and median for ell age groups fell between 100 and 110 days with a vari-
ation of from 50 to 260 days. This does not includelperiods of from two

to six weeks in a convalescent home. In other words, the average hospital
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requirsment for a-patient in each attack of rheumatic fever is nearly
one-third of a year. If these'requirements were et in the general
hospitals of the city and country these hospitals would not have enough

facilities for the treatmont of other pationts. An interesting problem

suggested by those fizures is the determination whether a large group
of patients hospitalized for this long period would devolop less chronic
cardiac disease than another group treated in the ordinary way.

As a part of the genoral study of the effect of rhoumatic
fever on the heart the change in area of the heart shadow in roentgeno-
grams taken at two meter distances has been followed by Dr. Miller in
about twenty-five pétients. These pictures were made at frequent inter-
vals during the patient 's stay in the hospital and at each follow-up
examination. Briefly surmarized the results at present shew:

1. A remarkablo constancy in the size of the heart shadow after

the patients have recovered and resumed their normal activities.

2. Excluding th#se patients with marked increase in shadow dus to
pericardial effusion, the general tendency was for tfhe shadow to decrease
in size after the patient had been in the hospital for a few weeks, and
to increase as he convalesced and resumed his normal ectivities.

3. During a rélapse some patients showed an increase in the cardiac .
shadow and others showed no change. |

4. There was no definite correlation between changes in conduction
time as determined in electrosardiograms and variations in the size of the
X~ray shadow.

5. Evidence of cardiac complications are, therefore, mors easily
detected by bedsids study of the patient and by electrocardiograms than
by X-ray plctures. |

Mrs. Lancefield and Dr. Bwift have found that many of ths

rheumatic fever patients desvelop, during the course of their active in-




fection, complement dinding antibodies against the maclaoprotein obtained

from different strains of streptococcus viridans. Patients with lobar
pneumonia and with diseasss thought to be dus to stroptococci also de-
veloped similar antitodies; and the blood sorum of 2 third of normal
people also contalned thom. As Dr. Avery and hie co-workers have shown
that pneumococci were mado up of a substance nucleoprotein in nature,
common to all strains, and a carbohydrate fraction specific for each type,
Mra, Lancefield is investigating the possibility of isolating comparable
fractions from streptococci. She has shown that, similar to the pneumo~
cocci, the streptococcl can be divided into two fractions; but that the
manipulations necessary to effect their separation are much more violent
than in the case of thepnoumococci. The carbohydrate fraction is specific
for each serologically distinct strain and is active in very high dilu-
tions; while the mucleoprotein is apparently the same for the green strep-
tococei, the pneumococci, and at least pome strains of hemolytic strepto-
cocci. Thess results have been obtained by both precipitation and com~
Plement fixation tests end confirmed in soms instances by ebsorption ex-
periments. The properties of the specific-carbohydrate substance have
been studisd in a preliminary wey; simple methods of extracting fhis” sub-
stance from the bacterie have been developed with a view of substituting
the precipitation test for agglutination in those inatances in which the
granular nature of the cultures makes it difficult or impossidle to spply
the agglutination test,

The fact that nucleeprotsin fractions of both green and hemom
lytic streptococci and of pneumococcl react similarly in the complement
fixation reactions probably explains the non-specific results obtained with
this fraction in testing the serum of patients with rheumatic fever end

other diseasss.
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Doctor Miller has completed studies carried out over a period

of three and one-half years upon the possibility of producing Aschoff
bodies = the charactoristic myocardial lesions of rhoumatic fever - in
rabbits and guinen pigs by inoculating them with various fluids such as

blood, joint exudates, and tissues, such as heart valves, and tonsils

e¥vtained from patients with rheumatic fever. While no characteristic
Aschofif Madios wers found im the hearts of these animals, small focal
lopions were discovered in ths hearts of half of the rabbits and two-
thirds of the guinea pigs. Thoso*laoiona consisted of interstitial
accumulations of Jymphocytes and endothelial cells. The question to

be answered then resolved itself into a determination as to whether these
lesions were the results of the action of a hypothetical virus obtained
from the rheumatic fever patients, or, whether they arose independently
of this virus. 4 sseries of uninoculated control rabbits killed at wvarious
times over a period of three and ons-half years showed similar myocardial
lesions in sixty per cent of the animals. It is evident, therefors, that
mild focal interstitial myocarditis is not infrequently present in what
would ordinarily be called nomal ra.b‘bita. No bacteria were found mi-

croscopica.lly in any of these laaionl' hance thair actual causa ia at

o
onk

preuent uﬁdatermined. Their discovery. however, is an a,d.ditiona.l contri~
bution to our 5.noreao;.1;gm‘1fmow1edga of the lesione and d.iaeases of rabbits,'
knowiedge it is necessary to possess if we' are to use this type of animal
in the investigation of dissases of undetermined etiology. |

In our last annual report it was noted that the intratesticular
inoculation of rabbits with material from rheumatic fever patients had
boen followed by an interatitial orchitis; in some cases transmissible’

from animal to animal over several generations. The periods between inocu-
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lations wezsfrom fourteen to thirty-five days. Subsequently, in two
sories of controls inoculated with a nonrheumatic material similar
lesions were induced. During the past year.Doctors Swift, Andrewes and
Miller again undertook to inoculate rabbits intratesticularly with the
hypothetical virus of rheumatic fever; and adopted tho technique devised
by Doctors Rivers and Tillett in their etudiek on Varicella. In thres
series the rabbits showed a marked interstitial orchitis which appoared
between the third and seventh transfers; and once having appeared could
be carried on Indefinitely, The lesions both grossly and microscopically
appearad eimilar to those obtained by Rivers and Tillett; and in suit-
ably stained sections intramuclear inclusion bodies were discovered in-
distinguishable from those found by Rivers and Tillett. Cross imrmnity
experiments carried out with the collaboration of Doctor Rivers also
indicated that the lesions in his series of rabbits were due to the same
etiologic agent that was active in ours. Attempts to neutralize the
virus with the serum of rheumatic fever patients resulted negntively.’
Iy ssemad probable, therafore, from the above evidence and from other‘
experiments of Rivers and Tillett that the virus was of rabbit origin.

In order to dstermine this point the samse teéhnique was amployedv
' yith'eixbcbntrol série;’bf“rabbits in which normal radbit blood was uﬁed
)pd‘the’diigihal>iﬁoéﬁfﬁﬁfﬁ Since Rivers and Tillstt had encountered ovie
dence suggéétiﬁg“thﬁt‘théfihfectibh;ﬁigﬁt‘be’cbntdgioub’amancst rabbits,
every possible precaution wans taken to prevent contamination of this con-
4rol stock with the virus previously studied. All infected animals were
killed, the cages sterilized, and the premises thoroughly clsanad with
disinfectants. What was spparently the same infection appesared in two
series, after the third and fourth transfers, respsctively. The identity

of this virus with that previously enoountered has been established by
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finding similar miclear inclusions and by cross lmmunity tests.

It thus seems highly probable that the lesions inducedby suc-

cessive transfers of rabbit testicles originally inoculated with blood i

from rheumatic fever patients, and from normal rabbits, are identical;

R o i — S

and that the virus inniting theso lesions is of rabblit origin. Its identity

with the virus discovered by Rivers and Tillett seems also to be established;

theaes authors on other grounds have alrsady suggested a possible rabbit

origin. ‘f% i
These facts brought to light by the cooperation of two different

groups of workers in the Hospital are of considsrable importance from more

than one point of view. They have established the existence of 4previously

unkmown disease in a common laboratory animal; 8 disease dus to an agent

having properties similar to those causing herpes, epidemic poliomyslitis;,

ete. It fheroforo effords another opportunity to study so-called filtihi-jle
viruses. The existence of this disesse in rabbite must elso be recognized

end considered when these animals are used for imoculation in the study

of dissases of undstermined etiology.

Respiratory Disenses. .
Studiéa rélating to Seludble Sﬁecific Subsﬁancs of Pundiumodoccus .
Dr. Avery and Dr. Heidelberser. |

As proviously reported, this subatancc. which is 80 1ntimataly
related %o many of the Mological characters cf the Pnaumoooccua, hes
been found to be carbohydrate in nature,

The properties of this speclfic polysaccharide material, Qs noﬁ

obtained by an improved method of concentration and purificetion, are sum-
usri¥ad in the following table:
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repa-:. Speci- N Reducing c i H Ash  Przeipitation
ration] fic Ro— sugars on lwith anti-pnou-
No. . tation hydrolysisw* :mococcus eorum, ** !
! : | i :
, Type II pneundcoccus.; :
: | rex rer per per per 5
! i gent! cont cent gont | cent
¢ ;
2) +55.2° | 0.46 70.5 46.8 6.0 3.7 1:10,000,000 /
21A +55.8° { 0.20 67.2 3.2 1:5,000,000 i
24 +58.2° | 0.16| 74.8 3.7 | 1:2,000,000
Typq I1I pnonmococcuks. :
27 ~33.0° {0.11| 73.0 23| 5.2 | o 1:2,000,000 3
)
28 -34.0° | 0.05| 73.0 42.6| 8.6 0 1:3,000,000 i) E
\ i
31 -34.1° 10,10 74.0 0.2 1:3,000,000 !
*Calculated as glucose. '
**After 2 hours at 37° and overnight at 4°. ;
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As rogards the soluble specific substance of Pneumococcus Type

II, it has proved possidle to start with purified carbohydrate matsrial,
containing 0.2 per cent or less of nitrogen and still capadls at & dilution
of one part in 2 te 5 million of prec:[pitnting irmmune urum, and with such

U ¥
a product by a mmbar of divoru procedurea. to reoover 1n eaah insta.nc

. mbsta:nce aimost Ldenticai with tha starting material m opucai"rota.‘
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‘tion, porcentage oi’ nitrogen,peroentage of reducing ruga.rs on hydrol &'ain, §
Tl R

3 ’a.nd. apecific a.ctivity. Whether the spociﬁc aubstance 15 precipitated by
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et A as s

{rmmmme serum, by m.nyl nitrate ) by buic lead a,cetate , OF by safranino,
precipitants of three totally unrtlated types; whathsr tha intact bacterial
cell or the broth‘culiﬁr"e medium is u.seti as the source of the material;

or whether ﬁhe method of purification is based on simpls fractional pre-

cipitation, or on absorption, the product recoverad is always essentially



the same, and always largely a polysaccharide. Coupled with this arve

the faéts that the specificity of this extraordinarily stable material

§
does not diminish on treatpent with strdng acid in the cold until reducing i
sugars hegin to eppear, and that by the same technique it is possidle -i%:
from Typs II and Type III pnewmococel to isolate different polysaccharide ' é
derivatives of equal specific activity. If the polysaccharide encountered

were an impurity derived from the bdroth culture medium, contaminating an

Ce e e e

unknown specific substance, it might be expected to be the same, or at

least very similar, in both instances.

It 18 thms becoming increasingly difficult to believe that
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the soluble specific substance is not actually the polysaccharide derivat-
ive &tself, for there is now eccumilated & considerable mass of evidence

in favor of this view. ’

The study of the chsmical nature angd, blologlc specificity of

this polysaccharide material furnishes & basis for the better undsrstanding

of the immunological relationships of the bacterial csll. The serological
specificity of the various types of Pnsumococcus is intimately related to,
if not solely &ependent upon, the pressnce of-this specific cell consti-
tuent. The synthesis of this polylaccha;lds material is & cellular function
highly developed in thdég atrains of pneumococcl which are most capablé
“of mulﬁiplying in anima) tisbues. Ihié'bﬁhstance apparently bears & sig=
nificant relationship not only to type specificity but to virulence and °
capsular dovelopment.. The elaboration of this solublo specific substance
during growth in the animal body 4is so marked that its Pressnce may be
datected in the body flulds of experimentally infected rabbits and in the
‘blood and urine during the course of the spontensocis disease in man.

- As pointed out in & preceding paper; th; prsumococens 2ell con-

tains apong other constituents two substances which are geparable and dis-
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'Einctfchqmically and which possess. differerit properties immunologically.
One of thags cell constff;ents is protein in character. Further studies
on the biological specificity of pneumococcus protein are now in progress.
It need only be mentioned here that serologically and antigenically this
protein fraction ssems to be less specific as to type than is the intact
bacterial cell. The second, or carbohydrate fraction, the chemical
nature of which is dealt with in this report, is highly and spacifically
reactive only with antibacterial serum of the same type of Pneumococcus
as that from which the substance 18 derived. Although this bacterial
polysaccharide is spocifically reactive with antibody produced in response
to immunization with the intact organism, it is itself, when dissociated
from combination with other cell constituents, but slightly if at all
capable of inducing antibody formation. The biologic diffarences in the
specificity of ths soluble specific substances of Type II and Type III
Pneumococcus are reflected in differences in their chemical constitution.
The chemical difference between the $oluble specific substances
of Pneumococcus Types II and III are so marked as to cause astonishment
that analogous fractions of closoly relatod microorganisms can have such

widely divergent proporties. While both consist of about 75 per cent

polyaaccharide and 25 per cent of unknown constitusnts, the Types II sub~

ltance is dextrorotatory, (the .Typs III sudstance 1ovorotatory, the: former, ;“

ir the salt of. an -acid,; ~is the’ ualt ‘of a soluble acid, while. tha 1atter
is the salt of an’ oxtremely strong, difficultly soluble acid, 8o strong,
indéed, that in very dilute aqueous solution it turns Congo red paper
blu;; The polysaccharide portion of the Type II specific substancs ap-
peai; to be built up of glucose uniés, while that of the Type III sub-
stanée seems, on the basis of preliminary evidence, to be composed either
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of glucuronic acid itself or of some analogous acid. The lower percentages

of carbon and hydrogen in the Type III substance ars also in harmony
with this view, since the replacement of -CH,OH groups by ~COOH (the
difference batween glucose and glucuronic acid) would have this effect.
The differences betwsen the two specific substances, if they
may be assumed to be chemical individuals, may be represented by the

following two expressions:

Type 11 Type III.
( cuy0H ( cooH
R ) R )
( COOH ( cooH

It 1ie hoped soon to repert on the positive identification of
the sugar unit of the Type III substance, on the nature of the unknown
portion of the specific substance, and on the scluble spescific substance
of Type I pneumococcus.

St o8 idat and Reduction by Pneumocgoccus.

Dr. Avery and Dr. Neill.

These studies, which have been sarried on in this ladoratory
on the nature and occurrence of the peroxides formed during growth of -
Pneumococcus, were descrided in the last repert. This earlier work in-
cluded observations on the 1nhi$1tory offect of these agents upon the -
growth of the microorganism; their destristive action upon many of the
intracellular constituents of the bacterial cell, and their power to
change completsly the nature and properties of other substances in the
culture media. While these transformations in the bacterial substrate
were previously interpreted merely as expressions of the vital activities
of the living bacteria, the mechenism underlying these reactions has,
as a result of this investigation, been found to be related directly to

cellular processes of oxidation and reduction which under appropriate
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conditions have been shown to function quite independently of the life
of the cell itself.

.In fact, more exact knowledge of the nature of these cellular
phenomena has been recently acquired by the use of sterile extracts of
Pneumococci. These sterile extracts, prepared by a sp;cial technique
doveloped during the course of thess studies, are devoid of all formed
;nd living bacteria and contain in solution the active cellular con-
stituents which comprise the oxidation-reduction systems of the intact
cell. Extracts of this nature are highly reactive with molecular oxygen
and in its presence bring about the oxidation of substances which by them-
selves are non-reactive. Similarly in the absence of air thess sams
extracts effect the redustion of other sudbstances. The method employed
has, therefore,furnished an opportunity of studying the nature of these
biologicel reactions uncomplicated by the presence of cell growth; the
results obtained have afforded an explanation of many of the hitherto
observed but unexplained phenomena of the living bacterium.

i & series of papsrs, several of which have already been pub- .
lished the following oxidizing and reducing sctivities of these eterile
pnoumoooccu& extracts have been desoribed: the consumption of molecular
o:&gen, the formation ofﬁperoxido,,tho_oxidationhof;oxyhOmoglobin, and
oxidationgof-tho;cndohohotoxin.lnd intrloélluldr‘enzymes contained in
- Pneumdcoccus extracts;.the reduction ofaﬁothemozloiiq,and'mnfhylone;blge.
The active cellular systéms conzorn@d-ﬁn ;heso oxidltioﬁ; andvfga;c;;;;n'
have on further analysis peen found to gonsist of two components, énn of
which is thermolqbﬂ1g.§ﬁd the other.thermostabls. These may be charact-
erized as follows: the thermostable component represents.auhstunces which
are not present in the?ﬁneumococcgiwaftev thorough washing. These sub-

stances are relatively heat stable, resisting boiling for prolonged periods




2
139

of time. They are present in water or alcohol extracts of muscle,
Y9ast and vesetable tissus. By themselves, those substances react slowly
with molecular oxygen to form oxidizing agents and in the ebsence of
molecular oxygon, they estabdblish conditions under which methylene blue
and methemoglobin are slowly reduced. Although separably these substances
ars but slowly reactive, in the presence of the second component the
reactions ef oxidation and feduction are markedly acceleratsd. This
labile callular component represents substances which ;re resident in the
Pnsumococcus and are not removed by washing the cells., This component |
is thermolabile, being inactivated dy exposure to 65° C. for 10 minutes.
By itself it is wholly non-reactive with molecular oxygen and possesses
no reducing power. This cellular component sesms to bs catalytic in
nature, since it greatly accelerates reactions of oxidation and reduction
in the presence of the other componsnt of the syetem. When present to-
gether, these substances constitute syetems responsible for many of the
biological oxidations and reductions of the living cell.
More recently theses studies have been extended by Dr. Neill

to investigations of tho ozidation-roduction activities of pnaumococci
anaerobic hacilli, sterilo animal and vegetablo tissue, and of difforont
suboxidiubla substancel of bio]ogicsl origin. L _

) ; Booent woﬁk by phyaical oheminte hns clarified the 1nter-?x_
relutionl of hemoglo‘bin.r axyhemoglobin and mothomoslohin. It has been
shawn that ﬁef%bm&éiﬁéi;"i;‘;he oxidution product of hamoélobin and thut
tho change involved 1n the oxida.tion of hemoglobin oonailts in the change
of ferrous iron to the ferric form. On the other hand, the change of
hemoglodin to oxyhsmogiobin coneists in»tho addition of molecular oxygen
‘to the ferrous iron of the hemoglodin. Thus the conversions of hemoglobin

to methemoglobin and of methemoglodin to hemoglobin represent, respec tively,
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e true oxidation and a true reduction, ﬁhilc the conversion df oxyhemo~-
globin to hemoglebin represents a consunption of molecular oxygen. Since
all of these reactions can be follewed quantitatively, the blood pigments
furnish a convenient and valunble means eof investigating ths oxygen con-
suning, the exidizing and reducing sctivities of the bacteria and other
biological agents.
Pneumococcl and sterile pneumococcus extracts possess both
reducing and oxidizing activity, the reaction induced being dependent
upon the presence or absence of molecular oxygen. Hence, in the absence
of molecular oxygen, the pneumococci reduce methemoglobin just as in the
Presence of oxygen they oxidize hemoglobin. The equilidbrium betwesn hemo-
glodin and methemoglodin in a mixture of thess two dlood pigments may de
shifted in either diriction by the action of pneumococcus cellular sud-
stances. In the usual titration of hemoglobin-mathemoglobin solutions,
different chemical reagsnts must be used for the oxidation and for the
reduction. In the case of pneumococcus, either oxidation or reduction
can be effected by the same cellular agents, the direction of the change
Poing dependent upun the presence or abaence of molecular oxygen.
It wos found that sterile animal tissues reduce methemoglobin
to hemoglobin. This fact is of considerable interest from the standpoint
of the mccumilation of ;metheﬁo'syio‘o'in in the Blood of pstiohti suffering
from infections with Pnéuzﬁococcul or frbm intoxicetion with mothémoglo'bin—
forming drugs .‘ Whether or not methemegleobin eaccunrulates in the animal
blood would seem to e dependent upon a balance between the forces produc
ing methemoglobin and the inherent ability of the animal tissues, especially
the liver, to reduce methemeglobin to hemoglodin., Methemoglodbin is formed
in vitro so readily that there must be some mechanism in ths animal dody

to prevent its accumilation in the blood. Probably the long recognized
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reducing actien of animal tissues is sufficient explanation for the fail-
ure of methemoglobin to accumulate in the blood stream of normal animalsg.

In the study of the oxidizing-reducing sction of anasrobic
bacilli, it was found that the anaerobic bacteria consumed molecular
oxygen and reduced methemoglobin with marked avidity. However, i1f mix-
tures of hemoglobin and of anasrobes were maintained at the appropriate
tension of molecular oxygen, the anaerobes aleo oxidized hemoglobin to
methemoglobin,

A study was nade of the formation of methsmoglobin during the
oxidation of autoxidizable sudstances. It was found that different auto-
xidizabls substances united with molecular oxygen to form oxidizing
agents which subsequently oxidized hemoglobin to methemoglobin. These
reactions were true oxidation and could be brought about in the complete
abssnce of labile substances of bacterial origin.

The blood pigments were chosen for use in thess investigations
Primarily as indices for the dewonstration of the principles of certain
biologicai oxidations and reductions. Howsver, a number of facts were
revealed which &re}of considerable interest in & considsration of the
blood pigments from a chemical and physiological standpoimt, For instancs,
it was found that hsmoglobin is the substance actually oxidized to met-
hemoglobin and that the addition of molocular’oxygen or carbon monoxide
to a hemoglobin molecule changes it to a substance which offers considerable
resistance to oxidizing agents. Again, if hemoglodin be maintained in the
reduced state by dilological re&ucing agents, the spontaneous alteration
of hemoglobin which ordinarily occurs in st;rile blood or oxyhemoglobin
solutiona, 1s inhibited or wholly prevented. }ﬁ;rther, hemoglobin resduced

by bacterial cells can be heated at 55°C. for as lomg as 10 days, with &
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loss of not over 10 per cent in its original "oxygen capacity," although
in the presence of oxygen, the hemoglobin is entirely destiroyed after
exposure of a few hours to this temperature.

Vith the cooperation of Dr. Hastings, studies were made of
the relation of oxygen tension to the hemoglobin oxidations studied
in thie sories of investigations. The relation of oxygen tension to
these reactions was the same as that previously found for methemoglobdin
Production by pneumococci. The optimum conditions are provided at an
oxygen tension sufficiently high for the formation of oxidizing agents
but not too high to permit the oxygen dissociation of about one half
of the oxyhemoglobin.

Pat 8 Pn coccus Infection of the ILungs.
Dr. Ernest Stillman,

As stated in the previous report it has been shown that alco-
holic intoxication not only delays the disappearance of inspired bac-
teria from the lungs of mice, but also markedly increases ths mortality
following spraying with pneumococei. (Persistence of Inspired Bacteria
in the Lungs of Alcoholized Mice, J, Exp, Med., 1924, x1, 353,)

In order to determine whether any immunity is induced by
Pneumococcl following inhalation, mice were sprayed repeatedly and the
degree of active immunity developed was measursd by determining the
degres of resistance to intraperitoneal infection. It was found that
there was a gradual increase of acquired protection following repeated
exposurs to live pneumococci. ‘Only a slight immmunity, however, was de-
veloped in animals exposed to a spray of dead organisms. To explain thie
acquired protection, one is forced to mssume that the inhaled bacteria
actually gain access to the body tissus. The high degrese of active im-

mnity seems to be dus to the limited multiplications of the organisms
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within the tissues and the donsequent ébucrppion of antigen which stimu-

lates the production of antidodies.

In order to see whether localization of the pneumococcus in
the lungs could ®e brought about, partially irmunized mice were allowed
to inhale virulent pneumococci while under the influence of alcohol. Of

normal mice which were exposed to a pnewunecoccus spray while alcoholized, f

R

& certain pemcentage died of an overwhelming pneumecoccus infection with-

W ey g s e

out any attempt on the part of the body to localize the infection in the
lung. On the cther hand, in a number of mice which.have been rendered

resistant te the pneumoceccus there was a definite degres of localization

of the infection in the lung. Dr. Branch has made a histological ex-

amination of tho pulmeonary lesions so preduced. This work is being con-
tirued with a view of studying the earliest pulmonary changes in the lungs

of mice in the hopes of ascertaining how thes infestion arises.

Variatiens Induced in Pneumecesci by Sultural Methods.
Dr. Reiman. |

Considerablo attention has recently bsen given to the variations
observed in the individual hacteria of a given culture. It is now es- . .
tablished that different bacteria in the sams culturs may vary in viru-
loncd,ésgglutinntien.proportiou,and in antigenic power, and may produce ...
colenies which are sufficiently different frem sne anether to be easily
dstected macrescopically., - Studies have been made by various investigators
with & mmber of different spscies of bacteria.

It hes lomg been known that repeated grewth en artificial media
results in a dimimtion of the virulence of pmeumococci, and that eub-
sequent animal passage often rostores this 1ost.propsrty. The nature ef

these changes has net been clearly understood. Other investigaters have
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found that after Pneumococci are grown in homolegeus immune antipneu-

mocaccus serum, two typses of colonies are distinguishable on blood agar, . ‘
and that representative bYacteria of thess two kinds vary considerabiy
in virulence and spacificity.
In the course of stulies upon this question, Dr. Reiman has
s own virulent, type specific pneumecocci repestedly en varieus artificial

media, including bile droth, homologous and heterelsgous irrmns serum, a1t

Plain ®roth and bleed agar.

One or two transfers of the culture in bile droth er in homolo-
gous immwune serum have heen found sufficient to cause the appearance of
the bacterial variants, which are avirulent and nen-specific. In order to
produce theee variations in plain dreth er en blood agar, hewever, from

15 to 20 transfers are required. Growth in heterologeus immune serum

seemed to Be the least offective of any of the media, in inducing the
appearance sf variants. After 240 transfers in hetsrelogeus immmune serum,

enly 5 or 6 colonies of the changed organism were recoverable.

By transferring a virulent culture successively en ®lood agar,
the appearance of the variant form could be easily observed, after the
sighteenth transfer. In the subsequent transfers the number of the variant
Pacteria steadily 1ﬁcfuud, ‘and at the thbrtieth tra.nsfox‘,ione“ third of V'
all the celenies produced were of this type. At this time the whole culbure
had diminiahod._conuidefdbly in virulence and specificity, iwhidh shews that
the oss in virulenl:‘ and upcdificity was caused ¥y a progroasivio increase
in the relative number of avirulent erganisms. After dstermining this
behavior, the whole cultui-e (containing virulent and avirulent organisms
in knewn proportions) was injected into a rmumber of mice to ascertain
the effect of az'?imaliza.tion. The mice were killed at increasing time

intervals after inoculation and their hearts! bleod cultures were plated.
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It wae found that the mumber eof the avirulsnt organism gradually dim-
inished until no mors were seen in the cultures of mice killed 5 hours
after inoculation. The cultures obtained after this hour were cemposed
entirely of the virulent and type specific forms. This shews that the
mechanism ef restering virulence and spscificity te a eulturs by animal
passage consists in a weeding out ef the avirulent organism and an increase
in the mmbers eof the originally virulent type, until nene tut the latter
remairg
The next step was an attempt to restere the virulence and speci-

ficity of the avirulent strain., Te o¥tain definite results, a pure line
strain derived from a single organism was used. A new technique was de-
vised for the isolation and rocevery of a colony produced by a single
cell. All attempts to resters virulence and specificity of the avirulent
strain by animal passags have so far besn unifermly unsuccessful. In
cenne€tion with this observation it was noted that the presence ef even
8 very small number of the original virulent pneumococci was sufficient
te permit the recovery of full virulence and specificity.

From these experimente the evidence obtained ssems to favor
the point of view that.

(1) Growth ef pneumococci oh varioﬁs.artificial ﬁ.dia, eapscially
honologous irrmne serum and bile, brings akout variations in virulence
and specificity of the organism and that diminution of virulence undor
these circumstances is quantitatively related to the number of avirulent
variants present.

(2) Animalization of a mixed culture containing both the virulent
and avirulent types results in the elimination of the avirulent fomm, the
virulent type alonse possessing the property of growth and multiplication

in the animal bYedy. So far &t has been impossible te restore to the aviru-
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lent variant either ths spocificity er the virulence characteristic ef the
type frem which it was derived.

The Inhibitory Actien of Seruwn and Leucscyte Mixtures en Pneumececci.

Dr. Sia. (Veluntary Worker from Pekin University Medical Schesl).

In this study & methed which was devised by Dr. Robertson and /
Dr, Sia was used. It had been previously found that with this methed,
which involves constant agitatien of the mixture, an inhibitien of grewth
of pneumsceccl eccurred when the serum employed was derived frem naturally
resistant animals, while rapid grewth eccurred when the serum of susceptible
animals was tosted. |

These and other interesting obasrvatiens made with this method
indicated that the method might be profitadly employed in the selutien
of other preblems of pneumoceccus immunity. Dr. Sia therefore has studied
the role which the pneumococcus soluble substance plays in the phenomenﬁ
of growth inhibvitien.

It has been found that the solubls substance, even indilutions
as high as 1:2,500,000 exerts a definite effect in modifying the inhibitory
ection of serumeleucocytec mixtures, and that part of this effect is due to
an injurious actien ef the soluble substance upon the leucocytes.

This methed has also been empleyed in studying the growth in-
hibiting properties of the blood of patients suffering from pneumonia and
it has been found that at the time of crisis and for a short time there-

after the bleed acquires very marked powers ef inhibiting growth.

Obeservations en Bleod Platelets during Pneumonia.
Dr. Reiman.

A study has been made of the changes in the numbers and the morpho-
legy of the bleed platelets during pneumonia. It has baesn feund that the

number ef platelets begins to diminish after the infection is esvublished,
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or within a few hours after the initial chill. The count remains sub-
normal during the peried of fever, for 4 or 5 days. When the crisis
occurs, the mumber of platelets not only returns to nermal but continues
to increase until the nermal level is greatly exceeded. Finally after
about two weeks the numbor ef platelets again falls until the normal is
reached. In ths event of sequelas, such as pleurisy or serum diseass
(in the serum treated cases), the platelets again diminish in mmber and
this diminution is followed by a secend increase exceeding the normal
count .

The platelets during the psriecd of thrembepenin are considerably
emaller in slge and contoin more granules than those observed when the
number was nermal er abeve.

A close parallelism was observed bstwesn the diminution in the
number of platelets and the increase in the ceagulation time of the blood.
The coagulation time apgain decreases as the mmber of the plstilets in-
creases at the time of crisis. However, a relationship betwsen the fluce
tuations ef the mumber of platelets and immnity could not be established.
Oxygen Chamber.

Dr. Bimger and Dr, Brow.

The new exygen chamber completed last fall has been in use

in the treatment of cases of lobar pneumonia during this past yeas.
It is believed that there is now little doubt as to the e¥ficscy of
oxygen as a therapeutic agent in those cases of pasumonia whe.re oxygen
want is a complicating factor. It remains to accumlate statistical
evidence = a procedurs necessarily slow. Dr. Binger is at present en-
g2ged in reviewing all the cases that have been treated in the Hospital

by the chamber method. The series is not largs - onli 22 = but certain
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positive facts can be derived therefrom. Of thess 22 cases 10 died.
This at first glance appears a high mortality rate, but it must dbe
remembered that only those cases are treated in the chamber in which
the prognosis is unfavorable: Cases due to Type II and III pneumococeci,
often with positiws blood cultures, always with cyanosis - in itself of
bad prognostic significance.

The physiological evidence for the benefits of Oy therapy
are visidle chiefly in the effect on the Op saturation of the patient's
blood ahd in the marked increase in his subject comfort and improvement
in his psyche. The decrease in respiratory rate has been less marked
than was anticipated. In only some ceses was thers a definite reduction.
This, we believe, can be explained in the light of the experimental
studies reported below in which some of the causes of rapid and shallow
breathing have been experimentally analyzed.

Anims) Fxperiments.
Drs. Binger, Brow and Branch.

In the last report a statement was mads of the reasons for
approaching this phase of the problem experimentally, There h&s\beon
more and more deductive evidence th#t rapid :ospirations are dus to dis-
turﬁancos in the Hering-Breusr reflex. This, it should be remembered,
is & reflex maintained‘by«con&uction along afferent vagal‘fibrol byr
which the'rospiratory excursions are automatically, limited; the act of
inflation arresting itself, and releasing the act of deflation and vice
versa. Other contributing causes for rapid breathing were kmown to ex-
ist, e.g. anoxemla, chmnges in resaction of the blood, changes in tho_air
capacity of the lungs. Each ene of these aspects of the problem had
been previously investigated and reported on. None was sufficient to

explain the type of disturbance clinically observed. It remained to make
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an intensive attack on the nsrvous factor involved. It was almost
immediately discovered that this was intimately bound up with the con-
dition of the pulmonary circulation. An abstract of the facts dls-
coversd may be presented thus:

Interforence with the pulmonary circulation in dogs was ac-
complished by the intravenous injoction of & suspension of potato starch
and of seeds of various sizes . Each of thesc procodures was followed
by very rapid respirations and by anoxemia of the arterial blood. In
splte of the similarity of these results two wholly different and in-
tensely interesting mechanisms revealed themselves. They pay be de-
scribed thus:

I. Btarch injection results in embolism of the capillaries and
lerminal arterioles. This has been demonstrated dy post mortem injection

preparations and by histological studies. The change of reipiro.tory rate
ecours critically after a certain mass of suspension has been injected.
Of ten the additional injection of a few c.c. precipitated the response.
This suggested that the impulse for rapld breathing was in some manner
related quantitatively to the circulatory obstruction. The rapid breath-

ing thus precipitated ocourred in some inmstances independently of anox-

snia. It was obrviously not due to enoxemla even when associated with it 4'

beceuss relief of anoxsmis cbtained by O inhalation whils it ocoasionally
lowered the respiratory rate nsver brought near the o‘rigiml level. .
The rapld breathing due to emboliem of capillaries and arterioles was,
therefore, not due to anoxemia. It could be immediately stopped by freez-
ing the vagus nerves. But it was subsequently shown that an animal in
which the vagi were frozen had lost the capacity for accelerating his

respirations sven when the impulse for rapid breathing was of eentral




origin (0, deprivation, inhalation of 10% COp). This could, thswrefore,
not be regarded as evidence for the preocsnce cof lirrliative centripsisl
atimuli. The cause of rapid breathing produced vy starch embolicm was
found to be in the structural changes in the lunpg resultiing from cireu-
latory obstruction. Thers was atelectasis end edemn and marked reduction
in luné"rolwne - all peinting to loss of the normal elasticity of the
rulmonary parenchyma. This wo believe limits each respiratory phase
mechanically and by the activity of the wvagus nerves (Hering-Breuer roflex)
rssults in rapid breothing. Since respirations which are shallow rust
negessarily become rapid,- ths termination of inflation and deflation
being more quickly reached. An annlogous mechanism was very clearly
demonstrated by the simple procedure of compressing an anaesthetized

dog's thorax by means of an ordinary bdlood pressure cuff. The greater

the compression the shallower the breathing and the shallower ths more
rapid. )

The clinical analoglos to this typs of tachypnea are thoss con-
ditions in yvhich pulmonary elasticity is impaired and there is a diminished
vital capacity, namely acute e,nd chronic congestion of the lungs, miliary
tubsrculosis, pxﬂmona.ry fibrosis, ]obo.r pne\monia. In each of thul con~

ditions rapid a.nd ehallow 'breathins is “an cutstanding symptom.

II. Seed 5.njections result in emboliam of the largcr ‘brs,nchu of

!; ml&g&m art g:gx Here again the reéponse 1s or:ltical. Ofton 400

o

to 500 soeds could. e 1njectsd intmvenously w‘lth no offect on reopir»-

tory ra,te or oxygemtion of the blood.. An a.dditional 25 or 50 uoeda
might precipitate progressive tachypnea and anoxemia. The smaller the
seeds, the more were required to produce the response, In the case of

Poppy seeds 1000 or more were required, Wiih peas 10 to 20; and with
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seeds of intsrmediate size, such as rape and radish, en intermeliate

mumber., This too, as in emboliem of the capillaries and arterioleés,

points to the obstruction of circulation as the cause of the rapid braath-
ing. As was stated above, however, the mechanism here is wholly Adifferent. A
Oxygen adminiatration to "ssed d-ygs" restores the t_ilood. to normal satu-

ration, as in the case of starch, it reduces ths respiratory rate to a

o
normal level which is not trus of the "seed dogs". Furthermore Op in- 1
helation will prevent rapid breathing after embolism has been produced. i

Under thess conditions tachypnsa does not occur until the animal breathes

room air, when 4t and anoxemia arise pari passu. This type of rapid breath- N f

ing is therefore wholly dus 30 anoxemia. Vhat is the cause of anoxemia

of embolic erigin? To answer this question a great deal of work was nec-

essary. The various factors involved in the production of cyanosis as die-

cussed by Lundsgaard and Van Slyke in their monograph were applied to this
Problem and one by ons they were dismicsed &8s not of salient importance.
Pulmenary ventilation, blood flow, circulation time, Oy consumption, lung
volume, were studied, as well as gress and microscopic structural changes,
- It should be stated here that in the seed lungs mo atelectasis and edema
occurred and there was no decreass in lung volume as there was in starch
lungs. Tho caude of embolic anoxemia was finally found in a disturbance
of ratio Detween the vascular diffusion area in the lung and the rate of
blood flew through it. By applying the computations of L. J. Henderson
it was argued that in this comtioﬁ,‘,booause_of the diminished vascular
bed, the blood passed thfough the lungs 86 rapidly that it was unable to
assume its nermal load of Op. By ralsing the alveelar Oy tension and thus
increasing the irnward diffusion of 02, the state of anocxemia could be re-~
lieved. The clinical analegy to this 8 ltuation we believe occurs in

lqbar pneumonia and particularly in post operative pulmonary embolism




whero cyanosis and rapid breathing are presenting symptoms and where
prompt and continuous 02 therapy should be employed.

This work has been sutmitted and accepted for publication
in the new Journal of Clinical Investization. It is being pished further
by Drs. Bingor and Boyd with particular reference to ths problem of
fatigue of the respiratory center and to the nature of the stirmlus in
the lung in pneurmonia {experimental) responsible for tachypnea.
Experiments in Rebreathing.

Drs. Davies, Brow and Binger.

The object of these experiments was to d etermine whether the
responss to COp stirmlus obeys any simple law and if so to what modifi-
cations this law is subject. Scott has studied the response in cases
of pulmonary emphysema and Peabody in cases of cardisc disease. The in-
ability of patients with heart diseass to breathe relatively concentrated
atmospheres of CO, and the increased tolerance of the emphysematous to
such atmospheres are now well established clinical facts. The authors
mentioned were principally concermed with the variations occurring in
rathological conditions, and therefore did not make any detailed critical
study of their normal data.

The results of our own investigetisns show that {1) The re-
lation Between minute volums of total pulmonary ventilation and peréentage
‘Of CO, in the inspired air can be expressed by a simple mathamatibal for-
mula. (2). The respiratory response to CO2 as shovm by the total pul-
monary ventilation is slightly greater at high 02 percentages than at nermal
percentages in the inspired air. (3} The element of fatigud {both ner-
vous‘and muscular) is a determining factor in the nature of response to

COz .




This work has besn prepared for pubdblication in the Joumal of
Blological Chemistry. Further work is being conducted in collaboration
with Doctors Van Slyks and Hastings on the effect of changee in blood
reaction artificially induced by acid and ankali ingestion on the re-

sponse to the CO, stimulus.

Drs. Davies, Hastings and Murray have made a study of the
effect of stasis on the reaction and the electrolyte, gas, and protein
content of the venous blood of the arm. Confirming previous work by
Davies in Meakin's laboratory, it was found that a marked increase in
the hemo globin content and some inocreass in the plasma protein centent
results frem ligation of the amm at a pressurs sufficiently high to cause
stasis, but not above the systolic arterial pressure. The fluid portiens
of the blood are obviocusly forced out through the circulatory system
by the back pressure on the capillaries. The oxygen content of the bdleod
was reduced to nearly zero. The earbon dloxide contents of the cells.
and plasma were increased, but the buffer effect of the bleod was such
that the pH fell only slightly. The relatively slight reaction change
is contradictory to the former results of Meakins and Davies, who through

faulty technique velieved they ebserved s fall of the plasma pH to as lew

as 6.9, )

Drs., Haa_iings, Murray and Davies have studied the question of
the relative importance of blood pH and COg temsion in controlling the
respiration. In experiemnts performed partly on themselves and partly on

dogs, the bdlood conditions were altersd by acidosis (caused by mxmonium

chloride ingestion) and by alkalosis (caused by Bicarbonate) and ths ciungoa

in pH and CO5 tension in the arterial bBlood were obdserved. All changes in

the alkall reserve of the blood wers partly corpensated by CO, tension
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changes, which decreased in expsrimental acidosis and increased in alka-
losis, so that the bleod pH shifts wers not so great as they would have
bsen had the COp-tension remained censtant. In ne case, however,was

a normal pH maintained with abnomal alkall reserve, In fact, the per-
centages changes in E-" concentration were about twice those in CO2 ten-
sion, indicating apparently that the coz tension, in itself and indep-
endent of its effect on the dlood pH, is a physiological factor, the
constancy of which is maintainsd with even more persistence than that

of the hydrien concentration. These results are distinctly against the
former idea that the COp tension influsnces respiratien only through its

effect on the bdlood pH.

Report of Pathological Ladboratogy.

Dr. Branch.

During the past year thers have desn 18 sutopsies performed
of a total number of 28 deaths. 3 of these were from the rsspiratory
service, 1 from the rheumatic, 6 from the cardiac, and 8 from ths neph-
ritic. They include:

6 anses of chronic valvular disease, none of which wers demone
strated to be fhﬂmticaor -ypmntic in erigin, )

7 cases of chronio glmmlonephritil.

1 ocase of hemachromatosis.

1 case of acute rheumatic endocarditis.

S cases of lebar pné\:moniu, and 1 case ¢f bronchopneumonia.

This nmumber of autopsies represents 64% ef the total deaths,
and although this corruponds fa.verably with the porcenta;e ebtainsd
in general hospytals, it is not 'Y purticularly high percentags. The

lmpertance of the post mertems for correliting the clinical and laboratery
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odservations made in this hospital cannot be oversstimated. They ars
also essential for the proper interpretations ef data obtained in meta-
®olic studies on nephritis and on physiologicul stiulies o. tns cause of
rapld breathing in pasumonia.

Certain of the autopey material has bean particularly studied.
For instancs, in all cases of pneumonia pulmenary artery injections have
teen nade in order to determine the pressnce of abssence of trus vascular
thrombl in the vessels of consolidated lebes and thus correlate this
with findings of Dr. Binger and Dr. Brow as to the cause of the rapid
breathing in dogs induced experimentally dy infarctien of the smaller
and larger pulmenary artericles. The material seo far at hand indicates

that there 1s apparently & dlocking ef the smaller arterial twigs. Two

()

dapers are now in press in conjunctien with Dr. Binger and Dr. Brow en the

subject of rapid and shallew breathing.

Besldes the above the morbid anatomy in the nephritic cases has
been specially studied with a view to determining the cause of high blood
Pressure and cardiac hypertrephy in certain cases of nephritis. It would
seem fhat high blood pressure and cardisc.hypertrophy are enly present in
cases of chrenic nsphritis which show a diffuse sclerdsis and fatty de
goneration bf the wmhll vessels thrcughout the bedy, and are not caussd’”

by the "nephritiu_ per se. A paper on this ‘oubject is in manusoript forn

with Dr, Iinder. - 0 oTT o .o

8tndiés on the productien and paﬁhology of expofimenxul Pneu~
menia in mice ars being contimied with Dr. Stillman. Twe papers ars now
in - ‘3#yes which concern the pneumocoécus as etiological agent. Further
work is being dene, cmploy;ng Streptococcus hemolyticus and Friedlander's

bacillus.

.




Experiments dealing with the question ¢f renal injury followihg

high protein feeding are being conclufied with Dr. McIntosh. The results

show that high protein feeding per se doss not cause actual nephritis but
may be a predisposing cause since one of the sxpsrimental animals dsveloped !
& true glomerulonsphritis while the controls all remainsd negative. Ani- '
mals have also been injected with ocertain protein products, namsly

Iyremins, a toxic basse of protein decomposition in the gut, and Cystine, n :
orm 6f the animo acids. Thess experiments are now in manusoript form. o

The results of the Tyramine experiments are entirely negative, whils | ]
Cystine injected intravenously in large dosss causss undoubted degnera- H
tlon of the renal tubules with rise in blood ures and fall in the phenol- L

sulphonphthalein output,

Chickep~pox and Erysipslms.

Studies on Varicella, The susceptibility of rabbits to the virus

of varicella. :
To M, Rivers and W. S. Tillett. Jo Exp, Med,, 1923, xxxviii, 673,

Atypical distribution of varicella lesions dependent upon a oo~
sxistent syphilitic infection.
W. 8, Tillett and T.M,Rivers. Johns Hov, Hos, Bull.,1824, xxxv,

137.

Further observations on the phenomens. encountsred in attempting
to tranemit varicella to rabbits.
To Mo Ri'er. and W- Sq Till.tto JQE;ES M!Q.,lm, mix, 777.

The lesions in rabbite sxperimentally infected by a virus sncountered

in the attempted transmission of varicells.
T. M, Rivers and W. S, Tillett. J, Exp, Med., 1924, x1, 281,

Experimental infection of the skin with hemolytic streptococci de-
rived from & human case of erysipelas. Method of demons trating

protective substances in immune sera.

T. M. Rivers. J, Exp. Med., (In press).
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Local passive irrminity induced in the skin of rabbits against ex-
perimental infection with (1) A rabdit virus, (2) Hemolytic
streplococcus derived frem a humnn case ¢f erysipelas,
W.5.Ti1lett and T.M.Rivers. J. Exp. Med,, (In press).

Physiology and Pathelogy of the Circulation.

The uso of calcium chleride in edema dus to heart failure.

Harold J. Stewart. Proc.Soc, Exp, 3iol, & Med., 1924, xxi, 376.

A Msthed for 6'bta1n1n5 sanples of mixed venous blood in intact dogs.

Harold J. Stewart. Proc.S¢g.Exp, Biel. & Med., 1924, xxi,378.

Observations on the action of npvasurol in heart diseass.

Jo. Hamilton Crewford and J,F.McIntesh. oc.Soc .Exp,Biol & Med.,
1924, xxi, 253.

Flectrocardiographic evidence of myecardial involvement in rheumatio
fever.

Alfred E. Cohn and Hemer F, Swift, J,EFxp,Med., 1924, xxxix, I. -

Purposes in medical research. An intreduction to the Journal of
Clinical Inv nat .
Alfred E, Cohn, (In press).

Evidence that digitalis influences contraction in the heart of man.
Alfred E. Cohn and Harold J. Stewart. Journal of Clinical In-

vestigation. (In press.)
Provisional Titles for Papers Manua t.

Physiological Ontogeny.
I. Intreduszijon.
Alfred E. Cohn a,ngl H, A, Murray, Jr.,

II. Studies in the grewth potontial of ventricular fragments during
' the embryelogic period.
Alfred E. Cohn and K, A, Murray, Jr,,

III. Clinical changss in fertile eus during {noudbatien,
H A‘ Murmy' Jr"

1Y.. Woight and growth rates ag -
. A. Murrey, Jr,,

. Junctions of age,

¥. Studies in the diffsrentiation in function of the primitive
ecardiac tube.
Alfred E. Cohn.
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T™e gquestion of ronaltizstion ¢f Join*s with nen-hemolytic strepto-
cocei.

He F, Swift and R. E. Boots, J. Exp. Med.,1923, xxxviii, 573.

The significancs of the his%olugical lesions of rheunatic fever. \kf
H. F. Swift. Proc, Am. Phil. Soc., 1923, 1xii, No. 3, 175. ! ‘

Subacute bacterial endocarditis due to a hemolytic hemephilic bacillus. };L
C. P, Millor and A. Branch. Arch. Int. Med., 1923, xxxii, 911. i

Electrocardiographic evidence of myocardial involvement in rheumatic ; ,;1
fevor. i

- - N e - - e s - | |

Alfred E. Cohn and H, F. Swift. Jour, Exp. Med.,1924, xxxix, 1. i
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